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1. BACKGROUND/HISTORY

1.1. Introduction

This Biological Evaluation (BE) prepared by the Region 10 U.S. Environmental Protection
Agency (USEPA), addresses the proposed action in compliance with Section 7(c) of the
Endangered Species Act (ESA) of 1973, as amended. Section 7 of the ESA assures that, through
consultation (or conferencing for proposed species) with the National Marine Fisheries Service
(NMEFS) and/or the U.S. Fish and Wildlife Service (USFWS), federal actions do not jeopardize
the continued existence of any threatened, endangered or proposed species, or result in the
destruction or adverse modification of critical habitat.

The federal action that is the subject of this biological evaluation is the USEPA’s proposed
approval of the revision to Idaho’s site-specific criterion (SSC) for temperature for the Snake
River, below the Hells Canyon Dam to its confluence with the Salmon River [IDAPA 58-0102-
1102]. The purpose of this BE is to assess the effect of the proposed action on species listed as
endangered or threatened under the ESA, and their designated critical habitat. This action has the
potential to impact the ESA-listed species that occur in the area including bull trout (Salvelinus
confluentus), steelhead (Oncorhynchus mykiss) Chinook salmon (O. tshawytscha), sockeye
salmon (O. nerka), and killer whale (Orcinus orca).

1.2.  Organization of Biological Evaluation

This biological evaluation follows the suggested format issued by NMFS. The exception is the
addition of a section (Section 8) to address Essential Fish Habitat:

Section 1.0 — Background/History

Section 2.0 — Description of the Action and the Action Area. This section describes Idaho’s
revised water quality standard and rule changes that USEPA proposes to approve (Proposed
Action). The ESA-listed species within the action area for the BE are identified and those that
could be affected by the proposed action (species of interest) are listed.

Section 3.0 — Listed Species and Critical Habitat in the Action Area. This section describes the
species life-history, critical habitat, ESA listing history, current known range, and status for each
of the ESA-listed fish species being considered.

Section 4.0 - Environmental Baseline. This section describes effects of past and ongoing human
and natural factors leading to the current status of the ESA-listed fish species in the State of
Idaho, focusing on impacts related to habitat, harvesting, hydropower, and hatcheries.

Section 5.0 — Effects of the Action. This section includes an analysis of the direct and indirect
effects of the proposed action on the species and/or critical habitat and its interrelated and
interdependent activities



Section 6.0 — Cumulative Effects, Other Ongoing Environmental Effects, and Uncertainty.
Cumulative Effects describes all “non-Federal” actions reasonably certain to occur in the
foreseeable future. Includes state, local, private, and tribal actions (e.g. residential developments,
watershed enhancement, etc.). Ongoing Environmental Effects includes ongoing environmental
conditions and environmental cycles that could result in an additional stressor along with the
Agency’s Action. Uncertainty includes quantifiable and unquantifiable unknowns that may or
may not be accountable for in the Agency’s analysis of effects to the species.

Section 7.0 — Conclusions. This section describes the USEPA’s effects determination for each of
the species addressed as well as critical habitat. The three possible effects determinations for
each species are: 1) No Effect (NE); 2) May Affect, but Not Likely to Adversely Affect
(NLAA); and 3) May Affect, and Likely to Adversely Affect (LAA).

Section 8.0 — Essential Fish Habitat Analysis. In this section, Essential Fish Habitat (EFH) is
assessed for potential adverse impacts resulting from the proposed action.

Section 9.0 Literature cited

1.3.  Consultation History

Early coordination and pre-consultation with NMFS and USFWS were conducted during a series
of phone conversation including:

Informal phone calls and in-person discussions in October and November, with conference calls
November 20, 2018, February 19, 2019, and March 5, 2019 with USFWS; and November 28,
2018, February 14, 2019, February 25, 2019, March 25, 2019, and March 28, 2019 with NMFS.!
An interim draft Biological Evaluation was shared with the Services on March 12, 2019. Several
email exchanges took place after the interim draft was reviewed by the Services.

On December 7, 2018, the USEPA transmitted a letter to NMFS and USFWS with a list of
potentially affected listed species relevant to the Agency’s Action. The EPA received responses
back on December 19, 2018% and December 20, 20183 from the USFWS and NMFS,
respectively, concurring with the USEPA’s list of potentially affected listed species.

Idaho Department of Environmental Quality (IDEQ) has been accepted by the USEPA as an
applicant for the purposes of formal consultation pursuant to ESA Section 7 on the Agency’s
Action.

! Note a break in communications from December 22, 2018-January 25, 2019 due to an extended government
furlough for staff

2 Communication from Jason Flory, USFWS

3 Communication from Ritchie Graves, NOAA



2. DESCRIPTION OF THE ACTION AND ACTION AREA

2.1. Action Overview

This section provides a detailed description of the current water quality standard (WQS) and the
revised water quality standard submitted to the USEPA by IDEQ that is the focus of the
Agency’s Action. Background on the existing water quality standard and the process that
USEPA uses to review a rule revision to a SSC is also described.

2.2.  Description of Action Area

The Action Area for this SSC revision is within a segment of the Hells Canyon Reach of the
Snake River. The reach extends from the base of the Hells Canyon Dam downstream
approximately 59 miles to the Salmon River/Snake River confluence (Figure 2.1). This includes
river miles 247 to 188 of the Snake River. The downstream end of the reach, at the Salmon
River Confluence, is about 12 miles upstream of the Washington State border. This portion of
the Snake River forms the border between Idaho and Oregon. Oregon WQS for spawning and
other criteria to protect cold water fish apply to the reach, extending to the Washington border.
Downstream of the Oregon border, this portion of the Snake forms the Washington and Idaho
border until it reaches the Clearwater. Idaho and Washington WQS apply to the further
downstream reach of the Snake River.
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Figure 2.1. Portion of the Hells Canyon Reach of the Snake River included in this action, highlighted in blue.
(Adapted from Keefer et al. 2018).

The Snake River is a large river and is the largest tributary to the Columbia River. Its watershed
includes areas of Idaho, Nevada, Oregon, Utah, Washington, and Wyoming. The Snake River
drains about 87% of the State of Idaho, 17% of the State of Oregon, and greater than 18% of the
State of Washington (IDEQ 2004). A significant complex of dams known as the Hells Canyon
Complex (HCC) is located on the Snake River, above the Hells Canyon Reach. This complex is
comprised of the three dams Brownlee, Oxbow, and Hells Canyon Dams and the associated
reservoirs (Figure 2.2). Dworshak Reservoir, on the Clearwater, includes a temperature control
structure which is used to pump colder water downstream to the Snake River during peak
temperatures to improve migration conditions for salmonids. Downstream of the confluence with
the Clearwater River is Lower Granite Dam.

Due to impacts on the Southern Resident Killer Whale’s (SRKW) prey base, the action area for
SRKW also includes the portion of the eastern Pacific Ocean in which the SRKW feeding areas
overlap with Chinook salmon from the Snake River.
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Figure 2.2. Map of the Hells Canyon Complex (Idaho Power Company, 2018)




2.3.  Background of Idaho Water Quality Standards and other State Water Quality
Standards that Apply to the Action Area

A water quality standard defines the water quality goals for a waterbody by designating the use
or uses to be made of the water, by setting criteria necessary to protect the uses, and by
preventing or limiting degradation of water quality through antidegradation provisions. The
Clean Water Act (CWA) provides the statutory basis for the water quality standards program and
defines broad water quality goals. For example, Section 101(a) states, in part, that wherever
attainable, waters achieve a level of quality that provides for the protection and propagation of
fish, shellfish, and wildlife, and for recreation in and on the water ("fishable/swimmable”).

Section 303(c) of the CWA requires that all states adopt water quality standards and that USEPA
reviews and takes action to disapprove or approve these standards. Only approved standards are
effective under the CWA. In addition to adopting water quality standards, states are required to
review and revise standards every three years. This public process, commonly referred to as the
triennial review, allows for new technical and scientific data to be incorporated into the
standards. The regulatory requirements governing water quality standards are established at 40
Code of Federal Regulations (CFR) Part 131.

The minimum requirements that must be included in the state standards are designated uses,
criteria to protect the uses, and an antidegradation policy to protect existing uses, high-quality
waters, waters designated as Outstanding National Resource Waters®. In addition to these
elements, the regulations allow for states to adopt discretionary policies such as allowances for
mixing zones and variances from water quality standards. These policies are also subject to
USEPA review and action.

Section 303(c)(2)(B) of the CWA requires the states to adopt numeric criteria for all toxic
pollutants for which criteria have been published under Section 304(a). USEPA publishes criteria
documents as guidance to states. States consider these criteria documents, along with the most
recent scientific information, when adopting regulatory criteria.

All water quality standards officially adopted by each state are submitted to USEPA for review
and approval or disapproval. USEPA reviews the standards to determine whether the analyses
performed are scientifically sound and evaluates whether the designated uses are appropriate and
the criteria are protective of those uses. USEPA determines whether the standards meet the
requirements of the CWA and USEPA's water quality standards regulations. USEPA then
formally notifies the state of these results. If USEPA determines that any such revised or new
water quality standard is not consistent with the applicable requirements of the CWA and
USEPA’s implementing regulations, USEPA is required to specify the disapproved portions and
the changes needed to meet the requirements. The state is then given an opportunity to make
appropriate changes. If the state does not adopt the required changes, USEPA must promulgate
federal regulations to replace those disapproved portions.

4 U.S. Environmental Protection Agency (EPA). 2017. Water Quality Standards Handbook: Chapter 3: Water Quality
Criteria. EPA-823-B-17-001. EPA Office of Water, Office of Science and Technology, Washington, DC. Accessed
February 2019. https://www.epa.gov/sites/production/files/2014-10/documents/handbook-chapter3.pdf
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2.4. Currently effective water quality standards for temperature for the Snake River
Hells Canyon Reach and downstream

Idaho temperature criteria for the protection of cold-water aquatic life are a daily maximum
temperature not to exceed 22°C, with a maximum daily average temperature of no greater than
19°C. These criteria apply downstream of the HCC. Both Idaho and Oregon currently apply
13°C as a 7-day average of the daily maxima (7dadm) criterion to the Snake River below the
Hells Canyon Complex (HCC) (Idaho’s is applied as a maximum of the maxima, or Maximum of
the Weekly Average Maximum Temperatures, MWMT). The 13°C SSC (which the USEPA
previously approved as an SSC for the Snake River from the Hells Canyon Dam to its confluence
with the Salmon River) apply from October 23 to April 15. Additional Oregon temperature
criteria include a 20°C criterion that applies to migration corridors to protect cold water fish
below the HCC, together with narrative criteria that cold water refugia are to be sufficiently
distributed to allow for salmon and steelhead migration without significant adverse effects from
higher water temperatures elsewhere in the stream, and a seasonal thermal pattern in the Snake
and Columbia rivers that reflects the natural seasonal thermal pattern (NSTP). Both Idaho and
Oregon WQS include provisions that allow for a de minimis increase of 0.3°C to river
temperatures when temperatures exceed the criteria (Oregon) or when natural thermal sources
result in exceedances upstream (Idaho). Excerpts of relevant applicable standards for Oregon,
Idaho, and Washington are below.

2.4.1. Oregon

Table 2.1. Oregon designated uses for the Snake River Basin.

TABLE 121B

BENEFICIAL USE DESIGNATIONS - FISH USES
MAINSTEM SNAKE RIVER

Geographic Extent of Use Salmon and Steelhead Redband or Salmon and
Migration Corridors Lahontan Cutthroat | Steelhead Spawning

(20°C) Trout through Fry

(20°C) Emergence

Mainstem Snake River

Oregon/Washington Border to Hells
Canyon Dam (RM 169 to RM 247.5) X October 23-April 15

Hells Canyon Dam to Idaho border
(RM 247.5 to RM 409) X

Table produced November, 2003

OAR 340-041-0028(4)(a)



(a) The seven-day-average maximum temperature of a stream identified as having salmon and
steelhead spawning use on subbasin maps and tables set out in OAR 340-041-0101 to 340-041-
0340: Tables 101B, and 121B, and Figures 130B, 151B, 160B, 170B, 220B, 230B, 271B, 286B,
300B, 310B, 320B, and 340B, may not exceed 13.0 degrees Celsius (55.4 degrees Fahrenheit) at
the times indicated on these maps and tables

OAR 340-041-0028(4)(d)

(d) The seven-day-average maximum temperature of a stream identified as having a migration
corridor use on subbasin maps and tables OAR 340-041-0101 to 340-041-0340: Tables 101B,
and 121B, and Figures 1514, 1704, 3004, and 3404, may not exceed 20.0 degrees Celsius (68.0
degrees Fahrenheit). In addition, these water bodies must have cold water refugia that are
sufficiently distributed so as to allow salmon and steelhead migration without significant adverse
effects from higher water temperatures elsewhere in the water body. Finally, the seasonal
thermal pattern in Columbia and Snake Rivers must reflect the natural seasonal thermal pattern

2.4.2. Idaho
Cold water and spawning aquatic life criteria:

Idaho applies a cold water life criterion in the summer maximum period (outside of the spawning
period) of 22°C daily maximum and 19°C daily average. For spawning, Idaho applies a
statewide criterion of 13°C as a daily maximum, and 9°C as a daily average. As described above,
the USEPA previously approved an SSC of 13°C as a MWMT for the Snake River below Hells
Canyon Dam to its confluence with the Salmon River.

Downstream Protection Provision
A downstream criterion has been submitted, with Agency Action expected in 2019.
IDAPA 580102(070)

(8) Protection of Downstream Water Quality. All waters shall maintain a level of water quality
at their pour point into downstream waters that provides for the attainment and maintenance of
the water quality standards of those downstream waters, including waters of another state or
tribe.

2.4.3. Washington

Washington applies a criterion of 17.5°C as a 7dadm to its waters downstream of the border with
Oregon, Idaho, and Washington.



2.4.4. Idaho, Oregon and Washington — 0.3°C Allowance and Antidegradation Policies

All three states, Idaho, Oregon, and Washington may allow a 0.3°C cap on human sources above
the numeric criteria and/or natural condition of the waterbody. °

In addition, all three states have antidegradation policies that maintain and protect existing uses
and the quality of water necessary to protect those uses, and higher quality waters. For existing
uses or “Tier 1” uses, antidegradation policies afford some assurance that where a use is
identified and is not designated, appropriate application of statewide criteria and other water
quality standards to protect existing uses will be implemented. No activity is allowable under the
antidegradation policy which would partially or completely eliminate an existing use, whether or
not it is designated. CWA actions, including NPDES permits, TMDLs, and 401 certifications
must comply with a state’s antidegradation policy.

2.5. Description of Specific Idaho Rules USEPA Proposes to Approve

2.5.1. Hells Canyon SSC for Temperature (IDAPA)

The following is an excerpt for Idaho’s Administrative Code describing the proposed change to
SSC for water temperature in the Hells Canyon action area that is subject to the USEPA’s
approval.

DOCKET NO. 58-0102-1102

286.SNAKE RIVER, SUBSECTION 130.01, HUC 17060101, UNIT S1, S2, AND S3; SITE-SPECIFIC
CRITERIA FOR WATER TEMPERATURE.

River- Weekly maximum temperatures (WMT) are regulated to protect fall chinook spawning and incubation in the
Snake River from Hell’s Canyon Dam to the confluence with the Salmon River from October 23 through April 15.
Because the WMT is a lagged seven (7) day average, the first WMT is not applicable until the seventh day of this
time-period, or October 29. A WMT is calculated for each day after October 29 based upon the daily maximum
temperature for that day and the prior six (6) days. From October 29 through November 6, the WMT must not
exceed fourteen point five degrees C (14.5°C). From November 7 through April 15, the WMT must not exceed
thirteen degrees C (13°C).

The USEPA has identified several aspects of this SSC to protect fall Chinook spawning that
would change if the adopted rule is approved by the USEPA. The following are specific changes
and explanation of each.

e The addition of “Weekly maximum temperatures (WMT) are regulated” in place of “A
maximum weekly maximum temperature...to protect”
o The weekly maximum temperature is a running mean of daily temperature
maxima, which is a change from the original metric, which is a maximum of the

5 As mentioned previously, EPA expects Idaho to submit a de minimis allowance of 0.3C above the applicable
numeric criteria in 2019 for the EPA’s review and action. Idaho rules currently include a de minimis provision of an
additional 0.3C above the natural temperature of waterbody for point source discharges




weekly maximum temperatures, or the single highest WMT that occurs during a
given year or other period of interest (e.g., a spawning period).

o The additional “are regulated” language is interpreted to mean that the criteria
target is met through regulatory means through CWA programs, including
TMDLs, 401 certifications, and permitting.

e The change in magnitude of the criterion to 14.5°C as a WMT from 13°C as a MWMT
calculated for the period 10/23-11/6. 13°C continues to apply from 11/7 to 4/15 to protect
fall Chinook spawning. 13°C is met as a 7dadm starting on 11/7.

e Adds a specification that the criterion is lagged and applies on 10/29 as a start date after
averaging seven daily maximum temperatures from 10/23-10/29.

Currently, this segment of the Snake River typically does not meet Idaho and Oregon water
temperature criteria at all times and locations. The USEPA believes that implementation of the
water quality standards is key to changing the current condition; however, the only action under
consideration in this BE is whether the proposed standards themselves and USEPA’s approval
will have an adverse effect on the species of interest. Finally, the analysis of the effects of the
proposed action assumes that ESA-listed species and critical habitat are exposed to waters
meeting the proposed water quality standards. This will be explained further in the Effects
Analysis (Section 5).

3. LISTED SPECIES & CRITICAL HABITAT IN THE ACTION AREA

This section presents the biological and ecological information for each of the identified to be of
concern for this action. The purpose is to inform on the species’ life history, its habitat and
distribution, and other data on factors necessary for survival to provide background for the
analysis. This section also describes the human activities and natural events that have
contributed to the current status of the listed species/critical habitat. The information presented is
extensively cross-referenced from existing documents including recent status reviews, recovery
plans, and biological opinions.

3.1.  Occurrence of Listed Species and Critical Habitat in the Action Area

USEPA compiled a list of threatened and endangered species that may occur in the action area
(waters at and in the vicinity to which the action applies within the Snake River below the Hells
Canyon Dam) from information available on the NMFS and USFWS websites (Table 3.1).
USEPA requested and received confirmation of this current ESA species list for this BE from the
NMEFS and USFWS (received 12/19/18 from Jason Flory USFWS and 12/20/18 from Ritchie
Graves NOAA by Rochelle Labiosa USEPA). USEPA staff have conducted conference calls
with NMFS and USFWS staff to scope the species and issues that should be the central focus of
this ESA consultation. This list (December 2018) of species was then reviewed to determine
whether the listed species and/or its designated critical habitat areas would be exposed to the
proposed action. A “May Affect” or “No Effect” determination was made for each species.
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Table 3.1. Protected Species and Critical Habitat

Critical Habitat
Protected Species Scientific Name Status Status In Action Area
Responsible Agency — NMFS
Fish
Snake River fall-run Chinook salmon | Oncorhynchus tshawytscha | T D X
}Szlﬂlj(e River spring/summer-run O. tshawytscha T D X
Chinook salmon ESU
Snake River Basin steelhead trout O. mykiss T D X
(DPS)
Snake River sockeye salmon O. nerka E D X
Responsible Agency - USFWS
Plants
Macfarlane’s four-o’clock Mirabilis macfarlanei T
Spalding’s catchfly Silene spaldingii T
Fish
Bull trout Salvelinus confluentus T ‘ D ‘ X
Mammals
Canada lynx Felis lynx canadensis T D
Gray wolf Canis lupus E
North American Wolverine Gulo gulo luscus PT

Key:D=designated, E=endangered, N=not listed, P=proposed, T=threatened

3.2. Species That May Be Affected by This Action

Based on known distribution and life history of ESA species listed above and input from the
USFWS and the NMFS, the following threatened and endangered species are considered in this
evaluation (Table 3.2). These are all aquatic species that are known or suspected to occur in the
state of Idaho in the Snake River below Hells Canyon Dam up to the confluence with the Salmon
River, or are dependent upon ESA species that may be affected by this action. These species
either reside all or part of their lives in the freshwaters of the Snake River below the Hells
Canyon Dam in Idaho or may be affected indirectly by impacts to species that reside therein, and
therefore could be directly affected by the surface water quality standards. In addition to the
listed salmonid species, SRKW is also considered in this BE. Although the southern resident
population of killer whales are a marine species, they are addressed in this BE due to their
dependence on Chinook salmon as a prey species. This species is fully analyzed in this BE.
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Table 3.2. List of ESA species that may be affected by this action (present in action area or dependent on ESA
species in the action area) and addressed in this BE.

Species ESU/DPS Name Status (T, E) and Critical Habitat Managing
Federal Register | Designated, Federal Agency
Notice Register Notice

Bull trout (Salvelinus  |Columbia River DPS Threatened Designated USFWS
confluentus) 75 FR 63973

(10/18/10)
Steelhead Snake River Basin Threatened Designated NMFS
(Oncorhynchus mykiss) 71FR 834

(01/05/06)
Chinook salmon (O. Snake River Spring/ Threatened Designated NMFS
tshawytscha) Summer Chinook 70 FR 37160

salmon (06/28/05)

Chinook salmon (O. Snake River Fall-Run Threatened Designated NMFS
tshawytscha) Chinook Salmon 70 FR 37160

(06/28/05)
Sockeye salmon (O. Snake River Sockeye Endangered Designated NMFS
nerka) Salmon 70 FR 37160

(06/28/05)
Killer Whale (Orcinus |Southern Resident DPS |Endangered Designated* NMFS
orca) 70 FR 69903

(11/18/05)

*Designated critical habitat does not include the action area.

3.3.  Other ESA Species of the Action Area --“No Effect” Species

The listed plants and mammals in Table 3.1 are not likely to be directly affected by Idaho’s
criteria revision for temperature. The primary exposure of these species to water quality impacts
is through either drinking water or habitat degradation. Neither of these exposure routes is likely
to be significantly affected by the proposed changes in the temperature criteria. Based on the pre-
consultation conference calls with the USFWS and the NMFS, it was determined that these non-
aquatic species would not be directly impacted by changes to the SSC for temperature for the
Snake River below the Hells Canyon Dam to its confluence with the Salmon River and thus the
approval of the revised SSC would not have an adverse effect on these species. Therefore,
USEPA’s proposed approval of Idaho’s revised temperature criteria will result in a ‘No Effect’ to
MacFarlane’s four-o’clock, Spalding’s catchfly, Canada lynx, gray wolf, and North American
wolverine. These non-aquatic species are not addressed further in this BE.

3.4.  Status of the Species and Critical Habitat in the Action Area

The following sections describe each of the ESA-listed salmonid species (fall Chinook salmon,
and spring/summer Chinook salmon (O. tshawytscha), Snake River steelhead trout (O. mykiss),
Snake River sockeye salmon (O. nerka), bull trout (Salvelinus confluentus) and killer whales
(Orcinus orca) relevant to this action (see Table 3.2). A discussion of the life history, habitat use,
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and habitat concerns, as well as specific information on occurrence in and use of the action area
is presented for each species.

Additionally, the designated critical habitats for these five of species are described. From
NOAA’s 2015 Opinion: “Interior Columbia Recovery Domain. Critical habitat has been
designated in the IC recovery domain, which includes the Snake River Basin, for SR
spring/summer-run Chinook salmon, SR fall-run Chinook salmon, UCR spring-run Chinook
salmon, SR sockeye salmon, MCR steelhead, UCR steelhead, and SRB steelhead. Major
tributaries in the Oregon portion of the IC recovery domain include the Deschutes, John Day,
Umatilla, Walla Walla, Grande Ronde, and Imnaha rivers. Habitat quality in tributary streams in
the IC recovery domain varies from excellent in wilderness and roadless areas to poor in areas
subject to heavy agricultural and urban development (Wissmar et al. 1994; NMFS 2009a).
Critical habitat throughout much of the IC recovery domain has been degraded by intense
agriculture, alteration of stream morphology (i.e., channel modifications and diking), riparian
vegetation disturbance, wetland draining and conversion, livestock grazing, dredging, road
construction and maintenance, logging, mining, and urbanization. Reduced summer stream
flows, impaired water quality, and reduced habitat complexity are common problems for critical
habitat in developed areas. Migratory habitat quality in this area has been severely affected by
the development and operation of the dams and reservoirs of the Federal Columbia River Power
System (FCRPS) in the mainstem Columbia River, Bureau of Reclamation tributary projects, and
privately-owned dams in the Snake and Upper Columbia river basins.”

In general, the ESA-listed species and their designated critical habitat have been dramatically
affected by the development and operation of the Federal Columbia River Power System
(FCRPS). In the Columbia River Basin, anadromous salmonids, especially those above
Bonneville Dam, have been dramatically affected by the development and operation of the
Federal Columbia River Power System (FCRPS) and private hydropower complexes. Storage
dams have eliminated spawning and rearing habitat and have altered the natural hydrograph of
the Snake and Columbia Rivers, decreasing spring and summer flows and increasing fall and
winter flows. Power operations cause flow levels and river elevations to fluctuate, affecting fish
movement through reservoirs and riparian ecology, and stranding fish in shallow areas. The eight
dams in the migration corridor of the Snake and Columbia Rivers alter smolt and adult
migrations. Smolts experience a high level of mortality as they pass through the dams. The dams
also have converted the once-swift river into a series of slow-moving reservoirs, slowing the
smolts’ journey to the ocean and creating habitat for predators. Water velocities throughout the
migration corridor now depend far more on volume runoff than prior to the emplacement of
mainstem reservoirs.

The analysis of critical habitat is based on the biological requirements of the Action Area related
to listed species are those physical or biological features that are essential to conservation of the
species. NMFS-USFWS regulations state that federal agencies must consider those physical and
biological features that are essential to the conservation of a given species (FR vol.71, no.229,
69060). These features of Critical Habitat are called “primary constituent elements” (PCEs) that
are essential to support one or more of the life stages of salmon and steelhead. These PCEs have
been changed to ‘Physical and Behavioral Features’ (PBFs) and will be referred to as PBFs in
this BE. The PCEs for the four salmon species assessed in this BE; SR Fall Chinook, SR
Spring/Summer Chinook, SR Steelhead, and SR Sockeye, are compiled here in Table 3.3. These
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species have some level of geographic overlap and have similar life history characteristics and,
therefore, require many of the same habitat functions provided by critical habitat. The PBFs for
bull trout are presented in the bull trout Critical Habitat description (Section 3.8.5) and the PBFs
for SR Killer Whales are in section 3.9.5. The PBFs will be used in the evaluation elements of
critical habitat for each species addressed in this BE.
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Table 3.3. Salmon and steelhead PBFs of critical habitats and corresponding species life history events.

Primary Constituent Elements for SR spring/summer run Chinook salmon, SR fall-run Chinook salmon,
and SR sockeye salmon

Site Site Attribute Species Life History Event
Spawning and juvenile rearing areas Access (sockeye) Adult spawning
Cover/shelter Embryo incubation
Food (juvenile rearing) Alevin development
Riparian vegetation Fry emergence
Space (Chinook) Fry/parr growth and development
Spawning gravel Fry/parr smoltification
Water quality Smolt growth and development

Water temperature (sockeye)
Water quantity

Juvenile migration corridors Cover/shelter Fry/parr seaward migration
Food Smolt growth and development
Riparian vegetation Smolt seaward migration

Safe passage
Space

Substrate

Water quality
Water quantity
Water temperature
Water velocity

Adult migration corridors Cover/shelter Adult sexual maturation
Riparian vegetation Adult “reverse smoltification”
Safe passage Adult upstream migration
Space) Kelt (steelhead) seaward migration
Substrate
Water quality
Water quantity

Water temperature
Water velocity

Primary Constituent Elements for Steelhead

Freshwater spawning Spawning gravel /substrate Adult spawning
Water quality Embryo incubation
Water quantity Alevin development
Freshwater rearing Flood plain connectivity Fry emergence
Forage Fry/parr growth and development
Natural cover
Water quality
Water quantity
Freshwater migration Free of artificial obstructions Adult sexual maturation
Natural cover Adult upstream migration
Water quality Kelt (steelhead) seaward migration
Water quantity Fry/parr seaward migration

3.5. Species Overview --Chinook Salmon (O. tshawytscha)

Chinook salmon, also called king salmon, are the largest and least abundant species of Pacific
salmon (NMFS 2005). Chinook salmon are anadromous and semelparous, meaning adults
migrate from a marine environment into their natal freshwater streams (anadromous) where they
spawn and die (semelparous). Adult female Chinook will prepare a spawning bed, called a redd,
in a stream area with suitable gravel composition, water depth, and velocity. Redds will vary
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widely in size and in location within the stream or river. After laying eggs in a redd, adults will
guard the redd from 4 to 25 days before dying. Eggs hatch, depending upon water temperatures,
between 90 to 150 days after deposition. Stream flow, gravel quality, and silt load all
significantly influence the survival of developing Chinook salmon eggs. Juvenile Chinook may
spend from 3 months to 2 years in freshwater after emergence and before migrating to estuarine
arcas as smolts, and then into the ocean to feed and mature.

Adults spend one to six years in the ocean before migrating back to natal freshwater streams to
spawn and subsequently die. Compared to other Pacific salmon species, Chinook prefer larger
and deeper stream habitat (NMFS 2005). Juveniles feed on terrestrial and aquatic invertebrates,
while subadults (i.e., post-smolt stage) and adults consume larger prey such as shrimp, squid, and
small fish (e.g., herring [ Clupea spp.] and sand lance [Ammodytidae spp.]) (Scott and Crossman
1973). The distribution of Chinook salmon in the marine environment is not well characterized;
however, they may be found as far north as Alaska, as far south as California, and as far west as
Russia and Japan (NMFS 2016). The following summary is taken from USFWS 1998:

Among Chinook salmon two distinct races have evolved. One race, described as a “stream-type”
Chinook, is found most commonly in headwater streams. Steam-type Chinook salmon have a
longer freshwater residency and perform extensive offshore migrations before returning to their
natal streams in the spring or summer months. The second race is called the “ocean-type”
Chinook, which is commonly found in coastal streams in North America. Ocean-type Chinook
typically migrate to sea within the first 3 months of emergence, but they may spend up to a year
in freshwater before emigrating. They also spend their ocean life in coastal waters. Ocean-type
Chinook salmon return to their natal streams or rivers in spring, winter, fall, summer, and late-
fall runs, but summer and fall runs predominate. both genetic and morphological differences are
found between these life history types.

Juvenile stream- and ocean-type Chinook salmon have adapted to different ecological niches.
Ocean-type Chinook salmon tend to use estuaries and coastal areas more extensively for juvenile
rearing. Stream-type juveniles are much more dependent on freshwater stream ecosystems
because of their extended residence in these areas. A stream-type life history may be adapted to
those watersheds, or parts of watersheds, which are more consistently productive and less
susceptible to dramatic changes in water flow, or which have environmental conditions that
would severely limit the success of sub-yearling smolts. At the time of saltwater entry, stream-
type (yearling) smolts are much larger than their ocean-type (sub-yearling) counterparts and are,
therefore, able to move offshore relatively quickly.

Chinook salmon stocks exhibit considerable variability in size and age of maturation. The
relationship between size and length of migration may also reflect the earlier timing of river
entry and the cessation of feeding for Chinook salmon stocks that migrate to the upper reaches of
river systems. Body size, which is correlated with age, may be an important factor in migration
and redd construction success. Under high-density conditions on the spawning ground, natural
selection may produce stocks with exceptionally large returning adults.

Early researchers recorded the existence of different temporal “runs” or modes in the migration
of Chinook salmon from the ocean to freshwater. Freshwater entry and spawning timing are
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believed to be related to local temperature and water flow regimes. Seasonal “runs” (i.e., spring,
summer, fall, or winter) have been identified based on when adult Chinook salmon enter
freshwater to begin their spawning migration. However, distinct runs also differ in the degree of
maturation at the time of river entry, the thermal regime and flow characteristics of their
spawning site, and their actual time of spawning. Egg deposition must occur at a time that will
ensure that fry emerge during the following spring when the river or estuary productivity is
sufficient for juvenile survival and growth. The Columbia River supports the freshwater phase of
substantial Chinook populations.

NMEFS recognizes six ESA-listed Evolutionarily Significant Units (ESUs) of Chinook salmon
that spawn in Washington, Oregon, and Idaho. As stated in the previous section, only Chinook
ESUs that occupy the Snake River Basin are included in this BE. The Snake River Basin drains
an area of approximately 280,000 km? and incorporates a range of vegetative life zones, climatic
regions, and geological formations. The geographic extent of the Snake River ESU includes the
mainstem river and all tributaries, from their confluence with the Columbia River to the Hells
Canyon Dam complex.

Chinook salmon runs of the Snake River basin are separated into two ESUs: fall-run and
spring/summer run, based on genetic distinction (Waples et al. 1991). Also, the spring/summer
run and fall run subpopulations are distinguished from one another by the seasons during which
they return to freshwater streams. The characteristics of two ESUs are discussed separately in the
following sections. Note, these ESUs may include both naturally spawned and artificially
propagated (hatchery stock) fish.

3.5.1. Snake River Fall-run Chinook Salmon

The Snake River fall Chinook salmon ESU was listed as threatened on April 22, 1992 (57 FR
14653), and the threatened status was reaffirmed in 2005 (70 FR 37160). In 2016, NMFS
conducted a 5-year review of the status of the species and announced a 12-month finding on a
petition to delist the species. Based on the best available scientific information, NMFS
determined that the “threatened” classification remained appropriate (NMFS 2016; 81 FR
33469).

3.5.1.1. Distribution

The Snake River fall Chinook salmon ESU occupies the Snake River basin, which drains
portions of southeastern Washington, northeastern Oregon, and north/ central Idaho (Figure 3.1).
The Snake River fall Chinook salmon ESU includes one extant population of fish spawning in
the mainstem of the Snake River and the lower reaches of several major tributaries including the
Tucannon, Grande Ronde, Clearwater, Salmon, and Imnaha rivers. The ESU also includes four
artificial propagation programs: the Lyons Ferry Hatchery and the Fall Chinook Acclimation
Ponds Program in Washington; the Nez Perce Tribal Hatchery in Idaho; and the Oxbow
Hatchery in Oregon and Idaho (70 FR 37160). Historically, this ESU also included a large
population that spawned in the mainstem of the Snake River upstream of the Hells Canyon Dam
complex, which is currently an impassable barrier to migration (NOAA Fisheries 2015).
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Figure 3.1. Map of fall Chinook ESU (Source: NOAA Fisheries, West Coast Region Species Maps and Data.
https://www.westcoast.fisheries.noaa.gov/maps_data/Species_Maps_Data.html).

3.5.1.2. Life history

Snake River fall Chinook salmon enter the Columbia River in July and August and migrate past
the lower Snake River mainstem dams from August through November. Spawning takes place
from October through early December in the mainstem of the Snake River, primarily between
Asotin Creek and Hells Canyon Dam, and in the lower reaches of several of the associated major
tributaries including the Tucannon, Grande Ronde, Clearwater, Salmon, and Imnaha rivers
(Connor and Burge 2003; Ford et al. (2011)). On their upstream migration adults make extensive
use of cold-water patches (refuge) often at tributary confluences (Keefer et al. 2018). Fall
Chinook salmon tend to use large, lower elevation streams or mainstem areas. Spawning has
occasionally been observed in the tailrace areas of the four mainstem dams (Dauble et al. 1999).
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Juveniles emerge from the gravels in March and April of the following year and move seaward
slowly as subyearlings.

Until relatively recently, Snake River fall Chinook were assumed to follow an “ocean-type” life
history (Dauble and Geist 2000; Good et al. (2005); Healey 1991; NMFS 1992) where they
migrate to the Pacific Ocean during their first year of life, normally within three months of
emergence from spawning substrate (as young-of-year smolts), to spend their first winter in the
ocean. Ocean-type Chinook salmon juveniles tend to display a “rear as they go” strategy in
which they continually move downstream through shallow shoreline habitats during the first
summer and fall until they reach the ocean by winter (Connor and Burge 2003; Coutant and
Whitney 2006). However, a substantial number Snake River fall Chinook juvenile exhibit a
“reservoir-type” life history by which they begin their seaward migration later than ocean-types,
arrest their migration and overwinter in reservoirs on the Snake and Columbia Rivers, then
resume migration, entering the ocean in early spring as age-1 smolts (Connor and Burge 2003;
Connor et al. (2002); Connor et al. 2005; Hegg et al. 2013). Analysis of fish scales taken from
non-hatchery, adult, fall-run Chinook salmon indicate that approximately half of the returns
passing Lower Granite Dam are reservoir type Snake River fall Chinook and overwintered in
freshwater (Ford et al. 2011). Tiffan and Connor (2012) showed that young-of-year fish favor
water less than 1.8 m deep.

3.5.1.3. Stressors and threats

With hydrosystem development, the most productive areas of the Snake River Basin are now
inaccessible or inundated. The upper reaches of the mainstem Snake River were the primary
areas used by fall-run Chinook salmon, with only limited spawning activity reported downstream
from river kilometer (Rkm) 439. The construction of Brownlee Dam (1958; Rkm 459), Oxbow
Dam (1961; Rkm 439), and Hells Canyon Dam (1967; Rkm 397) eliminated the primary
production areas of Snake River fall-run Chinook salmon. There are now 12 dams on the
mainstem Snake River, and they have substantially reduced the distribution and abundance of
fall-run Chinook salmon (Irving and Bjornn 1981). Beyond this major perturbation there are
numerous stressors that impact this ESU to Snake River fall Chinook salmon include commercial
and recreational harvest, bycatch, and natural predation; reduced habitat and prey quality and
quantity; and impeded migration pathways. Within the Snake River Basin, the following
stressors impact this ESU.

Human land use practices: throughout the basin, land management has resulted in streams to
becoming straighter, wider, and shallower, thereby reducing rearing habitat and increasing water
temperature fluctuations. Reduced summer streamflows, impaired water quality, and reduction of
habitat complexity are common problems for critical habitat in non-wilderness areas. Spawning
and rearing habitat quality in tributary streams in the Snake River varies from excellent in
wilderness and roadless areas to poor in areas subject to intensive human land uses (NMFS
2015b). Critical habitat throughout much of the Interior Columbia (which includes the Snake
River and the Middle Columbia River; MCR) has been degraded by intensive agriculture,
alteration of stream morphology (i.e., channel modifications and diking), riparian vegetation
disturbance, wetland draining and conversion, and livestock grazing practices.
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Water diversions: have substantially reduced flows of many stream reaches designated as critical
habitat in the Snake River basin, (NMFS 2015b). Withdrawal of water, particularly during low-
flow periods that commonly overlap with agricultural withdrawals, often increases summer
stream temperatures, blocks fish migration, strands fish, and alters sediment transport (Spence et
al. 1996).

Water quality: Many stream-reaches designated as critical habitat in the Snake River basin are
on the Clean Water Act 303(d) list for impaired water quality (e.g., due to elevated water
temperature) (IDEQ 2011). Many areas that were historically suitable rearing and spawning
habitat are now unsuitable due to high summer stream temperatures. Removal of riparian
vegetation, alteration of natural stream morphology, and withdrawal of water for agricultural or
municipal use all contribute to elevated stream temperatures. Water quality in spawning and
rearing areas in the Snake River has also been impaired by high levels of sedimentation and by
metal contamination potentially from mine waste (IDEQ 2001, IDEQ and USEPA 2003).

Dam Operation: Development and operation of dams and reservoirs on the mainstem Columbia
and Snake Rivers has severely degraded migration habitat quality for Snake River fall Chinook
salmon (NMFS 2008). Hydroelectric development has modified natural flow regimes in the
migration corridor causing higher water temperatures in late summer and fall. Other effects
include increased rates of piscivorous predation on juvenile salmon due to changes in fish
community structure, increased rates of avian predation on juvenile salmon, and delayed
migration for both adult and juveniles. Physical features of dams, such as turbines, also kill
migrating fish.

Hatchery fish: The continued straying by nonnative hatchery fish into natural production areas is
an additional source of risk.

Climate change: One factor affecting the range-wide status of Chinook salmon, and aquatic
habitat at large is climate change. For example, salmon abundance is substantially affected by
climate variability in freshwater and marine environments, particularly by conditions during
early life-history stages of salmon (NMFS 2008b). Sources of variability include inter-annual
climatic variations (e.g., El Nifio and LaNifa), longer term cycles in ocean conditions (e.g.,
Pacific Decadal Oscillation, Mantua et al. 1997), and ongoing global climate change. For
example, climate variability can affect ocean productivity in the marine environment and water
storage (e.g. snow pack) and instream flow in the freshwater environment. Early life-stage
growth and survival of salmon can be negatively affected when climate variability results in
conditions that hinder ocean productivity (e.g., Scheuerell and Williams 2005) and/or water
storage (e.g., ISAB 2007) in marine and freshwater systems, respectively. Severe flooding in
freshwater systems can also constrain salmon populations (NMFS 2008c¢).

3.5.1.4. Population trend and risk

Snake River fall-run Chinook salmon remained stable at high levels of abundance through the
first part of the 20th century, but then declined substantially. Although the historical abundance
of fall-run Chinook salmon in the Snake River is difficult to estimate, adult returns appear to
have declined by three orders of magnitude since the 1940s, and perhaps by another order of
magnitude from pristine levels. Irving and Bjornn (1981) estimated that the mean number of fall-
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run Chinook salmon returning to the Snake River declined from 72,000 during the period 1938 to
1949, to 29,000 during the 1950s. Further declines occurred upon completion of the Hells
Canyon Dam Complex, which blocked access to primary production areas in the late 1950s.
Estimated returns of naturally produced adults from 1985 through 1993 range from 114 to 742
fish (NMFS 1995).

For the Snake River fall-run Chinook salmon ESU, NOAA Fisheries estimated that the median
population growth rate (lambda) over a base period from 1980 through 1998 ranges from 0.94 to
0.86, decreasing as the effectiveness of hatchery fish spawning in the wild increases compared
with that of fish of wild origin (McClure et al. 2000). The Snake River component of the fall
Chinook run has been increasing during the past few years due to hatchery and supplementation
efforts in the Snake and Clearwater River Basins. In 2002, more than 15,200 fall Chinook were
counted past the two lower dams on the Snake River, with about 12,400 counted above Lower
Granite Dam. These adult returns are about triple the 10-year average at these Snake River
projects (FPC 2003).

The National Marine Fisheries Service included the following summary in their 2004 biological
opinion for Consultation on Remand for Operation of the Columbia River Power System (NMFS
2004). In their preliminary analysis of recent returns, Fisher and Hinrichsen (2004) reported that
the geometric mean abundance of naturally-produced fall Chinook was 3,462 during 2001-2003,
compared to 694 in 1996-2000 (a 398% increase). The slope of the population trend increased
8.0% (from 1.16 to 1.24) when the data for 2001-2003 were added to the 1990-2000 series.
These results indicate that at least for the short-term, the population has been increasing.
Approximately 64% of the aggregate run at Lower Granite Dam was hatchery fish in 2001-2003,
compared to 67% during 1990-2000 (Fisher 2004).

According to NOAA’s 2015 Pacific Salmon and Steelhead Status Review Update and NOAA’s
2016 5-Year Review of Snake River Salmon and Steelhead, “Overall, while new

information indicates an improvement in ESU abundance, uncertainty about population
productivity and diversity indicate that the biological risk category has not changed enough since
the last status review to achieve the desired viability status of highly viable and support delisting
(NWEFESC 2015; NMFS 2015¢).”

More recently, fall Chinook returns have declined overall (approximately 50% of the 10-year
average 2007-2017 in 2017), and SR fall-run returns also reflect this downturn. The following
Table 3.4 from Peterson et al. (2018) shows the counts for returning fall Chinook at the
Bonneville Dam over the past 20 years.
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Table 3.4. Adult returns to Bonneville Dam (Source: Peterson et al. 2018, Table ARD-02).

Adult returns by Year of Ocean Entry'
OPIH Coho  Bonneville spring  Bonnewille fall Klamath River fall
Year (adults:smolis) Chinook (n) Chinook (n) Chinook (n est.)
1998 0.0128 178,302 192,793 123,856
1999 0.0227 391,367 400,205 187,333
2000 0.0459 208,813 473,780 160,788
2001 0.0258 192,010 610,075 191,948
2002 0.0399 170,152 583,332 78,943
2003 0.0282 74,038 417,057 65,227
2004 0.0193 96.456 299161 61,374
2005 0.0238 66,624 161,256 132,131
2006 0.0250 125,543 314,995 70,554
2007 0.0255 114,525 283,691 100,644
2008 0.0461 244 385 467,524 90,860
2009 0.0251 167,097 401,576 101,977
2010 0.0234 158,075 350,083 295,322
2011 0.0092 83299 052944 165,025
2012 0.0174 188,078 854,503 160,396
2013 0.0675 220,250 954140 77,821
2014 0.0131 137,176 440 945 24 582
2015 0.0128 83,616 316,833 31,8382
2016 0.0156 87,890 186,862 a
2017 0.01712 — — —
' Counts of spring and fall Chinook salmon are lagged by 2 years. Return ratios for
coho salmon are lagged by 1 year.
? Estimate based on jack returns.

The following figure depicts interannual variability in total fall-Chinook returns to the Lower
Granite Dam, indicating that a steep decline occurred in 2017 and 2018 (Figure 3.2). Further, the
Snake River Fall-run natural origin Chinook have also steeply declined (Table 3.5).
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Figure 3.2. Interannual fall Chinook adult return data at Lower Granite Dam. (Source: Columbia River
DART)
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Table 3.5. Estimated Columbia River return of Snake River natural origin fall Chinook adults 1986-
2017(Source: Table 5 in WDFW, ODFW joint status report, 2018).

Columbia Non-Treaty  Bonnewille Treaty Non-Treaty Lower
Raver Zone 1-5 Dam Zone 6 Above BON Granite
Year Return Harvest Count Harvest Harvest * Run Size *
1986 2,830 652 2,178 723 12 449
1987 1.783 491 1.292 379 2 253
1988 3.558 944 2614 965 7 368
1989 1981 373 1.608 608 8 295
1990 508 71 437 169 2 78
1991 1.846 275 1,571 379 17 318
1992 1.289 112 1.178 202 6 549
1993 1475 107 1.368 270 11 742
1994 958 0 958 173 1 406
1995 1.296 10 1.286 225 9 350
1996 1,729 95 1.634 350 3 639
1997 1.839 99 1.740 459 7 797
1998 730 21 T09 165 4 306
1999 2395 163 2232 515 11 905
2000 2,612 179 2432 520 9 1.148
2001 14133 778 13,355 2,020 63 5.163
2002 3,665 250 3416 709 11 2.116
2003 8,093 675 7417 953 33 4257
2004 8.174 706 7.467 877 21 7.055
2005 9500 779 8.721 1.434 49 5.299
2006 12,202 928 11.274 2,136 34 4.713
2007 9 878 567 9311 1.492 64 3914
2008 8.738 622 8.115 1.615 30 3.937
2009 15,576 1,568 14008 3,831 53 4.653
2010 12855 971 11.884 2.141 34 7.302
2011 17.156 2,228 14928 2,918 53 8.370
2012 19360 2,641 16.719 3.433 61 12,797
2013 34,669 3.462 31.208 6.429 141 21.124
2014 20,752 2,484 18,268 4,096 32 14,172
2015 24 054 2,530 21,523 4319 87 16.212
2016 14,493 2,023 12,568 2.907 96 9772
2017 11,750 1.403 10,997 3,308 86 6966

1 ; : —
Recent year harvest data for non-treaty recreational fisheries upstream of Bonneville Dam
considered preliminary until catch record card data is finalized.

* Includes release mortalities

3.5.1.5. Critical habitat

Critical habitat for Snake River fall-run Chinook salmon was designated in 1993 and modified
on March 9, 1998 (NOAA 1998) to include the Deschutes River and includes reaches of the
Columbia, Snake, and Salmon Rivers and passable tributaries of the Snake and Salmon Rivers
(58 FR 68543). The geographic extent of critical habitat is the Snake River to Hells Canyon
Dam; Palouse River from its confluence with the Snake River upstream to Palouse Falls;
Clearwater River from its confluence with the Snake River upstream to Lolo Creek; North Fork
Clearwater River from its confluence with the Clearwater River upstream to Dworshak Dam; and
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all other river reaches presently or historically accessible within the Lower Clearwater, Hells
Canyon, Imnaha, Lower Grande Ronde, Lower Salmon, Lower Snake, Lower Snake—Asotin,
Lower North Fork Clearwater, Palouse, and Lower Snake—Tucannon subbasin. SR Fall Chinook
PBFs are compiled in Table 3.3.

3.5.1.6. Use of the action area

The bimodal distribution of Chinook salmon counts at Lower Granite Dam show the run timing
distinction between the spring-summer and fall Chinook (Figure 3.3), with fall Chinook
migrating past LGD in the September/October timeframe. Adult returns above Lower Granite
Dam in 2013 exceeded 50,000, of which approximately 21,000 were naturally produced adults.

Daily Passage, 1994 - 2018
Adult Visual Counts Chinook
Lower Granite Dam, 1/1 - 12/31
Display through Last 95% Passage Date (10/09)

12000 2018 (55,374)

2017 (62,740)
2016 (108,876)
2015 (179,132)
2014 (154,522)
2013 (100,087)
2012 (114,219)
2011 (121,357)
2010 (164,800)
2009 (78,317)
2008 (89,388)
2007 (40,388)
2006 (37,642)
2005 (43,958)
2004 (94,471)
2003 (98,766)
2002 (109,535)
2001 (194,608)
2000 (41,455)
1959 (9,538)
1998 (16,118)
1997 (46,015)
1996 (8,123)
1995 (2,864)
19594 (4,708)
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www. cbr.washington.edu/dart 08 Feb 2019 16:31:51 PST

Figure 3.3. Adult Chinook passage counts at Lower Granite dam by year (Source: University of Washington
DART data base. Accessed February 8", 2019). Note bimodal distribution showing the spring-summer and
fall runs.

Fall Chinook make extensive use of the Hells Canyon reach for spawning. Redd count data
collected from two reaches of the Snake River, below the Salmon River confluence with the
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Snake and above the confluence show that the number of redds counted in both reaches has
increased steadily beginning in the late 1990s (Figure 3.4). Redds are counted both above and
below the Salmon River confluence. A somewhat higher percentage of the total redds are
recorded in the reach above the Salmon River confluence, averaging 57% of the total count over
the sampling years 1991-2017.
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Figure 3.4. Snake River fall Chinook cumulative redd counts from the river reaches above and below the
Salmon River confluence. Bar labels indicate percent of total redds from the reach above the confluence
(Source: Idaho Power unpublished data. Provided by Brett Dumas to USEPA 01/04/19).

3.5.2. Snake River Spring and Summer Run Chinook Salmon

The Snake River spring/summer Chinook salmon ESU was listed as threatened on April 22,
1992 (57 FR 14653) and the threatened status was reaffirmed in 2005 (70 FR 37160). In 2016,
NMEFS conducted a 5-year review of the status of the species and based on the best available
scientific information determined that the “threatened” classification remained appropriate
(NMFS 2016; 81 FR 33468). This ESU includes all naturally spawning populations of
spring/summer Chinook in the mainstem Snake River (below Hells Canyon Dam) and in the
Tucannon River, Grande Ronde River, Imnaha River, and Salmon River subbasins (57 FR
23458), as well as the progeny of 15 artificial propagation programs (70 FR 37160). The
historical Snake River spring/summer Chinook salmon ESU likely also included populations in
the Clearwater River drainage and extended above the Hells Canyon Dam complex; however,
current runs returning to the Clearwater River drainages are not considered to be a part of the
Snake River spring/summer run Chinook salmon ESU.
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3.5.2.1. Distribution

Snake River spring/summer Chinook salmon occupy the Snake River basin in southeastern
Washington, northeastern Oregon, and north/central Idaho. Snake River spring/summer-run
Chinook salmon are found in several subbasins of the Snake River (CBFWA 1990). Of these, the
Grande Ronde and Salmon Rivers are large, complex systems composed of several smaller
tributaries that are further composed of many small streams. In contrast, the Tucannon and
Imnaha Rivers are small systems with most salmon production in the main river. In addition to
these major subbasins, three small streams, Asotin, Granite, and Sheep Creeks, which enter the
Snake River between Lower Granite and Hells Canyon Dams, provide small spawning and
rearing areas (CBFWA 1990).

3.5.2.2. Life history

Snake River spring/summer Chinook salmon are characterized by their return times. Spring runs
are counted at Bonneville Dam beginning in early March and ending the first week of June.
Summer runs include Chinook adults that pass Bonneville Dam from June through August.
Returning adults will hold migration in deep mainstem and tributary pools until late summer,
when they move up into tributary areas to spawn.

In both the Columbia and Snake Rivers, spring-run Chinook salmon tend to spawn in higher-
elevation reaches of major Snake River tributaries in mid- to late August, and summer-run
Chinook salmon tend to spawn lower in Snake River tributaries in late August and September.
The habitats used for spawning and early juvenile rearing also differ among the two runs
(Chapman et al. 1991). Summer Chinook are more variable in their spawning habitats; in the
Snake River, they inhabit small, high elevation tributaries typical of spring Chinook salmon
habitat, whereas in the upper Columbia River they spawn in the larger lower elevation streams
characteristic of fall Chinook salmon habitat. The spawning areas of the two runs may overlap.
Eggs are deposited in late summer and early fall, incubate through the winter, and hatch between
late winter and early spring.

Spring/summer Chinook follow a “stream-type” life history characterized by protracted period of
freshwater rearing. Juveniles rear through the summer, and most overwinter and migrate to the
sea in the spring of their second year (Healey 1991). Depending on the tributary and the specific
habitat conditions, juveniles may migrate extensively from natal reaches into alternative
summer-rearing or overwintering areas. Outmigration behavior may differ between the two runs.
In both the Upper Columbia and the Snake rivers, spring Chinook salmon migrate swiftly to sea
as yearling smolts. Summer Chinook salmon in the Snake River resemble spring-run fish in
migrating as yearlings. In the upper Columbia River, they tend to migrate as subyearlings.

Snake River spring/summer Chinook salmon return from the ocean to spawn primarily as four-

and five-year-old fish, after two to three years in the ocean. A small fraction of the fish return as
three-year old jacks (precocious spawners), of which the majority are males (Good et al. 2005).
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3.5.2.3. Stressors and threats

The ability of SR spring/summer-run Chinook salmon populations to sustain themselves through
normal periods of relatively low ocean survival remains uncertain. Environmental factors that
limit Snake River spring/summer run Chinook salmon are the same as those discussed above for
the Snake River fall-run Chinook salmon ESU. Effects related to the hydropower system in the
mainstem Columbia River, including reduced upstream and downstream fish passage, altered
ecosystem structure and function, altered flows, and degraded water quality are of primary
concern. Muir and Williams (2012) noted structural and operational improvements to mainstem
Snake and Columbia River hydropower dams in recent years have substantially improved
Chinook salmon smolt survival, reduced travel time, and increased connectivity between rearing
areas and the Pacific Ocean by restoring entry timing closer to that prior to hydropower
development. Despite substantial gains in direct downstream smolt survival and improved
upstream passage success through the hydropower system, SAR (smolt-to-adult) return rates
have not shown the same improvement in most years. However, variable ocean conditions and
increased hatchery production confound comparisons with historical SARs.

Other factors are degradation related to land use (Degradation of floodplain connectivity and
function, channel structure and complexity, riparian areas and large woody debris recruitment) as
well as alterations to stream flow, and water quality degradation. Finally, factors that may
contribute to depressed and variable SARs (smolt to adult returns) include changes in ocean
productivity, increased hatchery production, and the reduction in volume and turbidity of the
Columbia River plume due to increased water storage in the basin (from 2015 opinion — Muir
and Williams 2012).

3.5.2.4. Population trend and risk

Recent trends in redd counts in major tributaries of the Snake River indicate that many
subpopulations could be at critically low levels. Subpopulations in the Grande Ronde River,
Middle Fork Salmon River and Upper Salmon River Basins are at particularly high risk. Both
demographic and genetic risks would be of concern for such subpopulations, and in some cases,
habitat may be so sparsely populated that adults have difficulty finding mates. NOAA Fisheries
estimates that the median population growth rate over a base period from 1980 through 1998
ranges from 0.96 to 0.80, decreasing as the effectiveness of hatchery fish spawning in the wild
increases compared with the effectiveness of fish of wild origin (Tables B-2a and B-2b in
McClure et al. 2000).

The spring Chinook count in the Snake River was at the all-time low of about 1,500 fish as
recently as 1995. In 2002, the fish count at Lower Granite Dam was 75,025, which was more
than double the 10-year average. Count of both hatchery and wild/natural returns to the Snake
River increased in both 2001 and 2002 (FPC 2003). The following summary is from the NMFS
2004 biological opinion for Consultation on Remand for Operation of the Columbia River Power
System (NMFS 2004).

‘In general, for most of the 24 populations where recent data were available, indices of
abundance (i.e., redd counts) for natural-origin SR spring/summer Chinook were high in 2002
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and 2003 compared to the 1990s. Fisher and Hinrichsen (2004) provided a preliminary
evaluation of the effects of recent natural-origin spring Chinook returns on past geometric mean
abundance levels and population trends. The latter were calculated as the slope of the regression
line for the (log transformed) index of abundance over time. They assessed whether the
geometric mean was greater when calculated from the most recent data (beginning in 2001)
compared to a base period (1996-2000) and whether the trend was greater when counts for 2001-
2003 were added to the 1990-2000 data series. Their methods were taken from those used by
NOAA Fisheries’ BRT (2003). The geometric mean for 2001-2003 (33,581) exhibited a 548%
increase over the 1996-2000 base period (5,186 fish). The slope of the trend for the natural-
origin population increased 17% (from 0.97 to 1.14) when the data for 2001-2003 were added to
the 1990-2000 series, reversing the decline and indicating that, at least for the short-term, the
natural-origin population has been increasing. Hatchery fish constituted 69% of the return during
the recent period compared to an average of 60% during 1990-2000 (Fisher 2004). Even so,
natural-origin fish exhibited the substantial increase in numbers described above. Neither the
BRT nor the Interior TRT has reviewed Fisher and Hinrichsen (2004) or Fisher (2004).’

Population level status ratings remain at “high” risk of extinction for all major population groups
within the ESU. Although recent natural spawning abundance estimates have increased, all
populations remain below minimum natural origin abundance thresholds (Ford 2011). Spawning
escapements in the most recent years in each series are generally well below the peak returns but
above the extreme low levels in the mid-1990s. Relatively low natural production rates and
spawning levels below minimum abundance thresholds remain a major concern across the ESU.
In NOAA’s 2015 Pacific Salmon and Steelhead Status Review Update, it is stated that Spring
and Summer Chinook Salmon are likely to become endangered in the future and that the risk
level for this population is stable at the threatened level.

3.5.2.5. Critical habitat

Critical habitat for Snake River spring/summer-run Chinook salmon was designated in 1993 and
1999 and includes reaches of the Columbia, Snake, and Salmon Rivers and accessible tributaries
of the Snake and Salmon Rivers (58 FR 68543 and 64 FR 57399). The geographic extent of
critical habitat includes all Snake River reaches upstream to Hells Canyon Dam; all river reaches
presently or historically accessible to Snake River spring/summer Chinook salmon within the
Salmon River basin; and all river reaches presently or historically accessible to Snake River
spring/summer Chinook salmon within the Hells Canyon, Imnaha, Lower Grande Ronde, Upper
Grande Ronde, Lower Snake-Asotin, Lower Snake-Tucannon, and Wallowa subbasins. Major
river basins containing spawning and rearing habitat for this ESU comprise approximately
22,390 square miles in Idaho, Oregon and Washington. SR spring/summer Chinook PBFs are
compiled in Table 3.3.

3.5.2.6. Use of the action area
Adult spring and summer Chinook salmon destined for the Snake River enter the Columbia

River on their upstream spawning migration from February through March. As shown by the
bimodal distribution on Figure 3.3, these fish arrive at lower Granite Dam between April through
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August. They reach their natal tributaries between June and August and spawning occurs in
August and September one to four months after they begin their migration (Status review 1998-
Myers).

Fall Chinook begin constructing redds and depositing eggs in the action area beginning in
October. Based on weekly redd surveys (2000-2014) conducted above (Figure 3.5) and below
(Figure 3.6) the Salmon River confluence, the median annual earliest redds are built on 10/20
(Julian Day 294) above the Salmon River Confluence and 10/21 (Julian Day 295) below the
Salmon River Confluence over this 15 year period. Spawning activity continues into early
December in most years.

Fall Chinook redd dates above Salmon confluence
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Figure 3.5. Snake River fall Chinook duration of redd observations above the Salmon River confluence in
Julian days from earliest and latest non-zero redd observation date, years 2000-2014 (Data Source: Idaho
Power unpublished data). Green line shows median (294) earliest Julian date. Labels denote number of non-
zero observation events, and duration in days of non-zero redd counts in each year.



Fall Chinook redd dates below Salmon confluence
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Figure 3.6. Snake River fall Chinook duration of redd observations below the Salmon River confluence in
Julian days from earliest and latest non-zero redd observation date, years 2000-2014 (Data Source: Idaho
Power unpublished data). Green line shows median (295) earliest Julian date and labels denote number of
non-zero observation events, and duration in days in each year.

3.6. Snake River Sockeye Salmon (O. nerka)

The Snake River sockeye salmon ESU was first listed as endangered under the ESA in 1991, and
the listing was reaffirmed in 2005 (70 FR 37160). On May 26, 2016, in the most recent five-year
review for Pacific salmon and steelhead (NMFS 2016), the NMFS concluded that the species
should remain listed as endangered (81 FR 33468).

3.6.1. Distribution

This ESU includes all anadromous and resident sockeye salmon from the Snake River basin in
Idaho, as well as artificially propagated sockeye salmon from the Redfish Lake captive
propagation program. Extant populations of sockeye salmon only occur in the Stanley basin of
Idaho. The nonanadromous form (kokanee), found in Redfish Lake and elsewhere in the Snake
River Basin, is included in the ESU.
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Numbers of Snake River sockeye salmon have declined dramatically over the years. In Idaho,
only the lakes of the upper Salmon River (Stanley Basin) remain as potential sources of
production. Currently, Snake River sockeye salmon spawn in Redfish, Alturas, and Pettit Lakes
(NOAA 2015). The Stanley Basin lakes are located within the Sawtooth National Recreation
Area. Basin lakes are glacial-carved and receive runoff from the east side of the Sawtooth and
Smoky mountains. All Basin lakes drain to the upper Salmon River which flows into the Snake
River and ultimately the Columbia River. Redfish Lake is located approximately 900 river miles
from the Pacific Ocean.

3.6.2. Life History

Sockeye salmon are the second most abundant of the seven Pacific salmon species (Quinn 2005).
They display more life history diversity than all other members of the Oncorhynchus genus
(Burgner 1991). Sockeye salmon are generally anadromous, but distinct populations of non-
anadromous O. nerka also exist; these fish are commonly referred to as kokanee (O. nerka
kennerlyi). The majority of sockeye populations spawn in or near lakes. Spawning can take place
in lake tributaries, lake outlets, rivers between lakes, and on lake shorelines or beaches where
suitable upwelling or intra-gravel flow is present. Sockeye fry that are spawned in lake
tributaries typically exhibit a behavior of rapid downstream migration to the nursery lake after
emergence, whereas lake/beach spawned sockeye rapidly migrate to open limnetic waters after
emergence. Lake-rearing juveniles typically spend one to three years in their nursery lake before
emigrating to the marine environment (Gustafson et al. 1997). Other life history variants include
ocean-type and river-type sockeye. Ocean-type populations typically use large rivers and side
channels or spring-fed tributary systems for spawning and emigrate to sea soon after emergence.
River-type sockeye rear in rivers for one year before emigrating to sea. Quinn (2005) describes
the differences between ocean-type and river-type sockeye as a continuum of rearing patterns
rather than as two discrete types.

Upon smoltification, sockeye emigrate to the ocean. Peak emigration occurs in mid-April to
early May in southern sockeye populations (generally south of 52°N latitude) and as late as early
July in northern populations (62°N latitude and north) (Burgner 1991). Typically, river-type
sockeye populations make little use of estuaries during their emigration to the marine
environment (Quinn 2005). Estuarine habitats may be more extensively used by ocean-type
sockeye (Quinn 2005). Upon entering marine waters, sockeye may reside in the nearshore or
coastal environment for several months but are typically distributed offshore by fall (Burgner
1991).

Snake River sockeye salmon adults enter the Columbia River primarily during June and July and
arrive in the Sawtooth Valley, peaking in August. The Sawtooth Valley supports the only
remaining run of Snake River sockeye salmon. The adults spawn in lakeshore gravels, primarily
in October (Bjornn et al. 1968). Eggs hatch in the spring between 80 and 140 days after
spawning. Fry remain in gravels for three to five weeks, emerge from April through May and
move immediately into lakes. Once there, juveniles feed on plankton for one to three years
before they migrate to the ocean, leaving their natal lake in the spring from late April through
May (Bjornn et al. 1968). Out-migrating juveniles pass Lower Granite Dam (the first dam on the
Snake River downstream from the Salmon River) from late April to July, with peak passage from
May to late June. Once in the ocean, the smolts remain inshore or within the Columbia River
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influence during the early summer months. Later, they migrate through the northeast Pacific
Ocean (Hart 1973, Burgner 1991). SR sockeye salmon usually spend 2 to 3 years in the Pacific
Ocean and return in their fourth or fifth year of life.

3.6.3. Stressors and Threats

After eight hydropower dams on the Columbia and Snake Rivers were finished in the 1970s,
Snake River sockeye spawning runs declined dramatically. Natural reproduction of sockeye
salmon has been impacted by pollution, habitat loss and degradation, overfishing, and loss of
spawning and rearing areas (Good et al. 2005).

Spawning and rearing habitat quality in tributaries of the Snake River varies from excellent in
wilderness areas to poor in areas of intensive human land uses (NMFS 2016). Critical habitat
throughout much of the Interior Columbia (which includes the Snake River) has been degraded
by intensive agriculture, alteration of stream morphology (i.e., channel modifications and
diking), riparian vegetation disturbance, wetland draining and conversion, livestock grazing,
dredging, road construction and maintenance, logging, mining, and urbanization. Reduced
summer streamflows, impaired water quality, and reduction of habitat complexity are common
problems for critical habitat in non-wilderness areas. Human land use practices throughout the
basin have caused streams to become straighter, wider, and shallower, thereby reducing rearing
habitat and increasing water temperature fluctuations. In many stream reaches designated as
critical habitat in the Snake River basin, streamflows are substantially reduced by water
diversions (NMFS 2015b). Withdrawal of water, particularly during low-flow periods that
commonly overlap with agricultural withdrawals, often increases summer stream temperatures,
blocks fish migration, strands fish, and alters sediment transport (Spence et al. 1996). Many
stream reaches designated as critical habitat in the Snake River basin are on the Clean Water Act
303(d) list for impaired water quality (IDEQ 2014).

Migration habitat quality for Snake River salmon has also been severely degraded, primarily by
the development and operation of dams and reservoirs on the mainstem Columbia and Snake
Rivers (NMFS 2008). Hydroelectric development has modified natural flow regimes in the
migration corridor causing higher water temperatures and changes in fish community structure
that have led to increased rates of piscivorous and avian predation on juvenile salmon, and
delayed migration for both adult and juveniles. Keefer et al. (2008) also examined current run
timing of SR sockeye salmon versus records from the early 1960s and concluded that an
apparent shift to earlier run timing recently may reflect increased mortalities for later migrating
adults. Physical features of dams such as turbines also kill migrating fish.

3.64. Population Trend and Risk

SR sockeye salmon returns to Redfish Lake since at least 1985, when the Idaho Department of
Fish and Game (IDFG) began operating a temporary weir below the lake, have been extremely
small (1 to 29 adults counted per year). NOAA Fisheries proposed an interim recovery level of
2,000 adult SR sockeye salmon in Redfish Lake and two other lakes in the Snake River Basin
(NMFS 1995). Because only 16 wild and 264 hatchery-produced adult sockeye returned to the
Stanley River Basin between 1990 and 2000, NOAA Fisheries considers the risk of extinction of
this ESU to be very high. In 2002, 52 adult sockeye salmon were counted at Lower Granite Dam
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(FPC 2003). NOAA states in their 2015 Opinion on EPA’s Action on OR WQS: Although the
captive brood program has been successful in providing substantial numbers of hatchery
produced O. nerka for use in supplementation efforts, substantial increases in survival rates
across all life history stages must occur to re-establish sustainable natural production (Hebdon et
al. 2004; Keefer et al. 2008). Overall, although the risk status of Snake River sockeye salmon
appeared to improve between 2005 and 2011, we determined, in our 2011 5-year review, that this
ESU should retain its “endangered” classification.

3.6.5. Critical Habitat

Critical habitat for Snake River sockeye salmon was designated in 1993 and includes the
Columbia, Snake and Salmon Rivers, Alturas Lake Creek, Valley Creek, Stanley Lake, Redfish
Lake, Yellowbelly Lake, Pettit Lake, Alturas Lake, and all inlet/outlet creeks to these lakes (58
FR 68543). Watersheds containing spawning and rearing habitat for this ESU comprise
approximately 510 square miles in Idaho. The watersheds lie partially or wholly within the
counties of Blaine and Custer. SR sockeye salmon PBFs are compiled in Table 3.3.

3.6.6. Presence in the Action Area

Although long-term sockeye population has declined, abundance of Snake River sockeye salmon
counted at Lower Granite dam has been higher this past decade (Figure 3.7). Once above the
lower Granite Dam, these fish use the Snake River as a migration corridor to reach spawning
areas in the Salmon River basin (listed above). The confluence of the Salmon River is the limit
of upriver distribution of sockeye as they are not known to use the Snake River above the
Salmon River confluence (Hells Canyon action area for this BE) for migration nor for other life
history phases. Snake River sockeye adults migrate pass Granite Dam in the Summer/fall with
most passing upstream prior to September. Further details from the DART pit-tag database
shows that only three PIT tagged adult sockeye (out of 964 or 0.3%) have been detected passing
Lower Granite Dam after mid-October in the past 10 years (Figure 3.8).
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Historical Run Timing, 1994 - 2018
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Figure 3.7. Abundance and timing of Snake River sockeye salmon passing Lower Granite Dam 1994-2018
(Source: University of Washington DART database. Accessed 2/8/19).
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PIT Tag Observations by ESU/DPS
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Figure 3.8. Pit-tag data for a subset of the Sockeye passing Lower Granite Dam (Source: University of
Washington DART database).

3.7.  Snake River Basin steelhead (O. mykiss)

The Snake River Basin (SRB) steelhead was listed as a threatened ESU on August 18, 1997 (62
FR 43937), with a revised listing as a Distinct Population Segment (DPS) on January 5, 2006 (71
FR 834). In 2016, NMFS conducted a 5-year review of the status of the species and based on the
best available scientific information determined that the “threatened” classification remained
appropriate (NMFS 2016; 81 FR 33468). This DPS includes all naturally spawning steelhead
populations below natural and manmade impassable barriers in streams in the SRB. Six artificial
propagation programs are considered part of the DPS: Tucannon River, Dworshak NFH, Lolo
Creek, North Fork Clearwater, East Fork Salmon River, and the Little Sheep Creek/Imnaha
River Hatchery steelhead hatchery programs. NMFS has determined that these artificially
propagated stocks are no more divergent relative to the local natural population(s) than what
would be expected between closely related natural populations within the DPS [71 FR 834]. The
SRB steelhead listing does not include resident O. mykiss (rainbow trout) that co-occur with
(migratory) steelhead. [62 FR 43937].
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Two major genetic groups or “subspecies” of steelhead occur on the west coast of the United
States: a coastal group and an inland group, separated on the Fraser and Columbia River basins
by the Cascade Crest. Historically, steelhead likely inhabited most coastal streams in
Washington, Oregon, and California, as well as many inland streams in these states and in Idaho.
However, during the 20th century, over 23 indigenous, naturally reproducing stocks of steelhead
are believed to have been extirpated, and many more are thought to be in decline in numerous
coastal and inland streams.

The Snake River Basin steelhead Distinct Population Segment (DPS) occupies the SRB, which
drains portions of southeastern Washington, northeastern Oregon, and north/central Idaho. The
Snake River flows through terrain that is warmer and drier on an annual basis than the upper
Columbia Basin or other drainages to the north. Geologically, the land forms are older and much
more eroded than most other steelhead habitat. Collectively, the environmental factors of the
Snake River Basin result in a river that is warmer and more turbid, with higher pH and alkalinity,
than is found elsewhere in the range of inland steelhead.

In their 2003 document, NMFS identified steelhead-supporting tributaries to Hells Canyon as an
unaffiliated population likely dependent historically on upstream populations (NMFS 2005).
NMEFS has now linked these small tributaries to likely spawning concentrations in Wildhorse
Creek and Powder River. The Hells Canyon tributary region is now designated as a component
of the Wildhorse-Powder population and belongs to the Hells Canyon genetically similar major
population group (MPG). Remaining populations in the Hells Canyon MPG have been
extirpated. Historically, this area was occupied but is currently inaccessible to steelhead
populations. NMFS has designated 15 populations in four MPGs in areas currently blocked by
the Hells Canyon dam complex and other upstream dams.

3.7.1. Life History

Steelhead exhibit one of the most complex life histories of any salmonid species. They can be
anadromous or freshwater resident (and under some circumstances, yield offspring of the
opposite form). Resident forms are usually referred to as “rainbow” or “redband” trout, while
anadromous life forms are termed “steelhead.” Two subspecies of steelhead with anadromous
life history are recognized in North America. These are: O. mykiss irideus (the coastal
subspecies), which includes coastal populations from Alaska to California (including the
Sacramento River), and O. mykiss gairdneri (the inland subspecies), which includes populations
from the interior Columbia, Snake, and Fraser rivers (Good et al. 2005).

Most steelhead adults migrate to their natal stream to spawn as 4- or 5-year-olds. Spawning
occurs over coarse substrates (gravel) in cold, fast-flowing streams with highly oxygenated
waters, and spawning may occur more than once (NMFS 2017). Depending on water
temperature, steelhead eggs may incubate in redds for 1.5 to 4 months before hatching as alevins
(larval stage dependent on yolk sac as food). Following yolk sac absorption, alevins emerge from
the gravel as young juveniles (fry) and begin actively feeding.

Juvenile steelhead typically reside in freshwater streams for 1-4 years before migrating into
estuaries to smoltify. Most rear for 2 years and some for as many as 7 years. A small number of
steelhead return to freshwater after their first year only to migrate back out without spawning;
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this behavior is irregular among salmonid species. The ocean phase lasts 2-3 years prior to adult
return to the freshwater system. Steelhead typically feed on zooplankton as juveniles and shift to
larger insects, mollusks, crustaceans, and fish as adults (NMFS 2017).

Fisheries managers have traditionally divided steelhead into two basic reproductive ecotypes,
based on the state of sexual maturity at the time of river entry and duration of spawning
migration. The stream-maturing type (summer-run steelhead in the Pacific Northwest and
northern California) enter freshwater in a sexually immature condition between May and October
and require several months to mature and spawn. The ocean-maturing type (winter-run steelhead
in the Pacific Northwest and northern California) enter freshwater between November and April,
with well-developed gonads, and spawn shortly thereafter. These two reproductive ecotypes are
more commonly referred to by their season of freshwater entry “summer” and “winter”
steelhead. Coastal streams are dominated by winter-run steelhead, whereas inland steelhead of
the Columbia and Snake River basins are almost exclusively summer-run steelhead (Good et al.
2005).

Fish of the Snake River Basin steelhead ESU are summer steelhead, and comprise two groups,
A- and B-run, based on migration timing, ocean-age, and adult size. A-run steelhead, thought to
be predominately age-1-ocean, enter freshwater during June through August. B-run steelhead,
thought to be age-2-ocean, enter freshwater during August through October. B-run steelhead
typically are 75 to 100 mm longer at the same age. Both groups usually smolt as 2- or 3-year-
olds (Busby et al. 1996, BPA 1992, Hassemer 1992).

As with Chinook, migrating steelhead make extensive use of cold-water areas (Keefer et al.
2018). Steelhead may spend prolonged periods in cold water areas (e.g. mouths of tributaries)
because steelhead enter freshwater in pre-mature state and have a protracted period in freshwater
before spawning. After holding over the winter in larger rivers in the SRB, steelhead disperse
into smaller tributaries to access spawning habitat. Earlier dispersal occurs at lower elevations,
and later dispersal occurs at higher elevations. SRB steelhead spawn the following spring from
March through May. Their eggs incubate in redds for up to four months before hatching.

Juveniles emerge from the gravels four to eight weeks after hatching, and move into shallow,
low-velocity areas in side channels and along channel margins, where they can escape high
velocities and predators (Everest and Chapman 1972). Juvenile steelhead then progressively
move toward deeper water as they grow (Bjornn and Rieser 1991). Juveniles typically reside in
freshwater for one to three years. Smolts migrate downstream during spring runoff, which occurs
from March to mid-June depending on elevation, and typically spend one to two years in the
ocean.

3.7.2. Stressors and Threats

Hydrosystem projects create substantial habitat blockages in this ESU; the major ones are the
Hells Canyon Dam complex (mainstem Snake River) and Dworshak Dam (North Fork
Clearwater River). Minor blockages to fish passage are common in tributaries throughout the
region. As with the other salmon species, steelhead have been affected by various human
activities that have contributed to their decline. Spawning and rearing areas have been degraded
by human land management practices including overgrazing, historical gold dredging and other

38



practices that increase sedimentation. Impacts of climate change are also considered factors for
decline (i.e. prolonged drought conditions). As reviewed in NMFS 2011b; NMFS 201 1c¢, limiting
factors include:

* Degradation of floodplain connectivity and function, channel structure and complexity, riparian
areas and large woody debris recruitment, stream flow, and water quality

* Increased water temperature

* Harvest-related effects, particularly for B-run steelhead

* Predation

* Genetic diversity effects from out-of-population hatchery releases

3.7.3. Population Trend and Risk

Naturally produced fish make up only a small fraction of the total adult run of the Snake River
steelhead ESU. Although several large production hatcheries exist throughout this ESU,
relatively few data exist regarding the numbers and relative distribution of hatchery fish that
spawn naturally, or the consequences of such spawning when they do occur. Significant
increases in 2000 and 2001 in adult returns in some populations and evidence for high smolt-
adult survival indicate that populations in this ESU are still capable of responding to favorable
environmental conditions. Besides the recent increases, abundance in most populations for which
there are adequate data are well below interim recovery targets.

For the entire SR steelhead ESU, NMFS (2000) estimates that the median population growth rate
(lambda) over a base period from 1990 through 1998 ranges from 0.91 to 0.70, decreasing as the
effectiveness of hatchery fish spawning in the wild increases compared with that of fish of wild
origin (Tables B-2a and B-2b in McClure et al. 2000). The main producer of steelhead in the
Columbia River Basin is the Snake River. In 2002, the turnoff into the Snake River was about
210,000, 71 percent of the total counted at McNary Dam (286,805). The 2002 Snake River
steelhead count was about twice the 10-year average. The numbers of wild steelhead (nonclipped
adipose fin) increased to a mean of 55,000 in the Snake River in 2002 (FPC 2003).

The NMFS included the following summary in their 2004 biological opinion for Consultation on
Remand for Operation of the Columbia River Power System (NMFS 2004): ‘The lack of
information on adult spawning escapement to many tributary production areas makes it difficult
to quantitatively assess the viability of the SR steelhead ESU. Estimates of annual returns are
limited to estimates of aggregate numbers over Lower Granite Dam and spawner estimates for
the Tucannon, Grande Ronde, and Imnaha rivers. In their preliminary report, Fisher and
Hinrichsen (2004) estimated that the geometric mean of the natural-origin run was 37,784 during
2001-2003, a 253% increase over the 1996-2000 period (10,694 steelhead). The slope of the
population trend increased 9.3% (from 1.00 to 1.10) when the counts for 2001-2003 were added
to the 1990-2000 data series. These data indicate that, at least in the short term, the natural-origin
run has been increasing’.

NOAA states in the 2015 Opinion on USEPA’s Action on OR WQS that the status of most
populations in this DPS remains highly uncertain. Population-level natural origin abundance and
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productivity inferred from aggregate data and juvenile indices indicate that many populations are
below the minimum combinations defined by the IC-TRT viability criteria.

3.7.4. Critical Habitat

Critical habitat was designated by the NMFS on September 2, 2005 (70 FR 52630). Critical
habitat for the steelhead consists of river reaches of the Columbia, Snake, and Salmon Rivers,
and all tributaries of the Snake and Salmon River presently or historically accessible to Snake
River steelhead (except reaches above impassable natural falls, and Dworshak and Hells Canyon
Dam). This designation includes including Clearwater, Grande Ronde, Selway and Tucannon
Rivers. PBFs for the Snake River Basin DPS of steelhead are compiled in Table 3.3.

3.7.5. Time of Use of the Action Area

Steelhead of the Snake River DPS are considered summer-run steelhead due to their adult migration
pattern. These fish typically enter the Columbia River from May to October. In the Snake River,
most passing Lower Granite Dam in mid-September through late October (Figure 3.9 and Figure
3.10). After holding over the winter in mainstem reaches of the Columbia River or Snake River or in
reservoirs, summer-run steelhead spawn 6 to 11 months following initiation of migration. Spawning
occurs in tributaries the following spring (typically from March to June) (Busby-Status Review
1996).
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Historical Run Timing, 1994 - 2018
Adult Visual Counts Steelhead
Lower Granite Dam, 1/1-12/31
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Figure 3.9. Abundance and timing of Snake River steelhead passing Lower Granite Dam 1994-2018 (Source:
University of Washington DART database. Accessed 2/8/19).
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Figure 3.10. Adult steelhead passage counts at Lower Granite dam by year (Source: University of
Washington DART data base. Accessed February 8, 2019).

3.8.  Bull trout—S. confluentus

The coterminous US population of bull trout was listed as threatened on November 1, 1999 (64
FR 58910). Within the area covered by this listing, bull trout are known to occur in Idaho,
Montana, Nevada, Oregon, and Washington. Bull trout are members of the Salvelinus genus of
salmoninae family. This genus referred to as ‘char’ also includes lake trout, arctic char, and
brook trout.

3.8.1. Distribution

Bull trout range from Puget Sound throughout the Columbia River and Snake River basins,
extending east to headwater streams in Montana and Idaho, and into Canada. Bull trout occur in
the Klamath River Basin of south-central Oregon; the Jarbidge River in Nevada; the Willamette
River Basin in Oregon; Pacific Coast drainages of Washington, including Puget Sound; major
rivers within the Columbia River Basin in Idaho, Oregon, Washington, and Montana; and the St.
Mary-Belly River, east of the Continental Divide in northwestern Montana (Bond 1992; Brewin
and Brewin 1997; Cavender 1978; Leary and Allendorf 1997). The Columbia River population
segment comprises 386 bull trout populations in Idaho, Montana, Oregon, and Washington, with
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additional populations in British Columbia. The Columbia River population segment includes the
entire Columbia River Basin and all its tributaries, excluding the isolated bull trout populations
found in the Jarbridge River in Nevada.

3.8.2. Life History

Bull trout exhibit both resident and migratory life history strategies. Both resident and migratory
forms may be found together, and either form may produce offspring exhibiting either resident or
migratory behavior (Rieman and Mclntyre 1993). Resident fish live their whole lives near areas
where they were spawned. In smaller, high elevation streams these fish seldom reach size of over
30 cm (Brown 1994; USFWS 2002). In contrast migratory bull trout grow to larger size and may
migrate long distances to access various habitats for spawning, overwintering, or rearing(Fraley
and Shepard 1989; Goetz 1989). Three general forms of migratory bull trout are recognized: 1)
fluvial fish are spawned in small headwater streams and then migrate to larger streams or rivers
where they mature, 2) adfluvial fish spawned in small streams but migrate to lakes or reservoirs
to grow and mature , and ) anadromous fish spawned in freshwater and migrate to salt water
where they grow to maturity(Cavender 1978; McPhail and Baxter 1996; WDFW et al. 1997)..

Bull trout typically spawn from August through November after temperatures drop below 9°C,
during periods of increasing flows and decreasing water temperatures. Spawners use streams
with abundant cold, unpolluted water, clean gravel and cobble substrate, and gentle stream
slopes. Many spawning areas are associated with cold water springs or areas where stream flow
is influenced by ground water (Baxter et al. 1997; Pratt 1992; Rieman and MclIntyre 1993;
Rieman et al. 1997).

Bull trout eggs incubate from 100 to 145 days, usually in winter, after which the alevins require
65 to 90 days to absorb their yolk sacs (Buchanan et al. 1997). They remain in redds as fry for up
to 3 weeks before emergence in early April through May, depending on water temperatures and
increasing stream flows (Ratliff and Howell 1992 in Howell and Buchanan 1992; Pratt 1992).
Bull trout reach sexual maturity at 4 to 7 years of age and are known to live up to 12 years. They
are iteroparous, meaning that they may spawn more than once in a lifetime.

Bull trout are opportunistic feeders, with food habits primarily a function of size and life-history
strategy. Resident and juvenile migratory bull trout eat terrestrial and aquatic insects but shift to
preying on other fish as they grow larger. Subadult and adult migratory bull trout feed on various
fish species (Brown 1994; Donald and Alger 1993; Fraley and Shepard 1989; Leathe and
Graham 1982).

Bull trout are primarily found in colder streams (below 15°C; 59°F) (Fraley and Shepard 1989;
Pratt 1992; Rieman and Mclntyre 1993), though they may be found in warmer waters that have
access to colder refuges. Bull trout are seldom found in waters where temperatures are warmer
than 15°C to 18°C. Besides very cold water, bull trout require stable stream channels, clean
spawning gravel, complex and diverse cover, and unblocked migration routes (USFWS 2002).
Early life stages of bull trout, specifically the developing embryo, require the highest inter-gravel
dissolved oxygen levels, and are the most sensitive life stage to reduced oxygen levels. The
oxygen demand of embryos depends on temperature and stage of development, with the greatest
dissolved oxygen required just prior to hatching.
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3.8.3. Stressors and Threats

Bull trout are vulnerable to many of the same threats that have reduced salmon populations.
Throughout their range, bull trout are threatened by the combined effects of habitat degradation,
fragmentation, and alterations associated with dewatering, road construction and maintenance,
mining, grazing, the blockage of migratory corridors by dams or other diversion structures,
entrainment in diversion channels, and introduced non-native species (64 FR 58910).

-- Because of their need for very cold waters and long incubation time, bull trout are sensitive to
the land management activities that have resulted in increased water temperatures, poor water
quality, and degraded stream habitat, especially along larger river systems and streams located in
valley bottoms.

--Degraded conditions have severely reduced or eliminated migratory bull trout as water
temperature, stream flow, and other water quality parameters fall below the range of conditions
that these fish can tolerate. In many watersheds, remaining bull trout are smaller, resident fish
isolated in headwater streams.

--Brook trout, introduced throughout much of the range of bull trout, easily hybridize with them,
producing sterile offspring. Brook trout also reproduce earlier and at a higher rate than bull trout,
so bull trout populations are often supplanted by these nonnatives. Also, competition with non-
native brown trout, lake trout, and brook trout can be detrimental to bull trout populations

--Dams and other instream structures affect bull trout by blocking migration routes, altering
water temperatures, and killing fish as they pass through and over dams or are trapped in
irrigation and other diversion structures (USFWS 2002).

--bull trout are especially vulnerable to the impacts of climate change given that spawning and
rearing are constrained by their location in upper watersheds and the requirement for cold water
temperatures (Battin et al. 2007; Rieman et al. 2007).

--Additional threats to bull trout include industrial development and urbanization, timber harvest,
and poaching or bycatch

3.8.4. Population Trend and Risk

Bull trout populations within the Columbia River population segment have declined from
historic levels and are generally considered to be isolated and remnant. In Idaho, bull trout were
historically found in the major tributaries in the Columbia and Snake Rivers. Currently, most bull
trout populations are confined to headwater areas of tributaries to the Columbia, Snake, and
Klamath rivers. While bull trout occur over a large area, their distribution has contracted, and
abundance has declined. Several local extinctions have been documented. Many of the remaining
populations are small and isolated from each other, making them more susceptible to local
extinctions.
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3.8.5. Critical Habitat

A final ruling on critical habitat for bull trout in the coterminous US was made on October 18,
2010 (effective November 17, 2010) (75 FR 63898). Critical habitat for bull trout includes
approximately 32,187 km (20,000 miles) of riverine habitat, 1,207 km (750 miles) of marine
shoreline, and 197,487 ha (488,001 acres) of lacustrine habitat. Critical habitat spans
Washington, Oregon, Idaho, Nevada, and Montana.

In Idaho, designated critical habitat for the bull trout includes areas of 24 counties, including
over 8,771 stream miles, and over 170,000 lake and reservoir acres. Critical Habitat Units in
Idaho include the Imnaha River Basin, Sheep and Granite Creeks, Powder River Basin, Hells
Canyon Complex, Clearwater River, Mainstem Upper Columbia River, Mainstem Snake River,
Malheur River Basin, Jarbidge River, Southwest Idaho Basins, Salmon River, Little Lost River,
Coeur d’Alene River Basin, Kootenai River Basin, Clark Fork River Basin, and the St. Mary
River Basin.

The PBFs determined to be essential to the conservation of bull trout are:

1. Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic flows) to
contribute to water quality and quantity and provide thermal refugia;

2. Migration habitats with minimal physical, biological, or water quality impediments between
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but not
limited to permanent, partial, intermittent, or seasonal barriers;

3. An abundance of food, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish;

4. Complex shorelines with features such as large wood, side channels, pools, undercut banks,
and unembedded substrates, to provide a variety of depths, gradients, velocities, and structure;

5.Water temperatures ranging from 2 to 15°C (36 to 59°F), with adequate thermal refugia
available for temperatures that exceed the upper end of this range;

6. In spawning and rearing areas, substrate of sufficient amount, size, and composition to ensure
success of egg and embryo overwinter survival, fry emergence, and young-of-the-year and
juvenile survival. A minimal amount of fine sediment, generally ranging in size from silt to
coarse sand, embedded in larger substrates, is characteristic of these conditions. The size and
amounts of fine sediment suitable to bull trout will likely vary from system to system.

7. A natural hydrograph, including peak, high, low, and base flows within historic and seasonal
ranges or, if flows are controlled, minimal flow departures from a natural hydrograph.

8. Sufficient water quality and quantity to sustain normal reproduction, growth, and survival; and
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9. Low occurrence of nonnative predatory (e.g., lake trout, walleye, northern pike, smallmouth
bass), interbreeding (e.g., brook trout), or competing (e.g., brown trout) species.

3.8.6. Period of Presence in the Action Area

As described in the final Recovery Plan (USFWS 2015), the Action Area is within the USFWS
designated bull trout Mid-Columbia Recovery Unit and in the geographic region within this
recovery unit called the Lower Snake River geographic region. This includes 11 core areas that
flow into the Snake River between its confluence with the Columbia River and the Hells Canyon
Dam (i.e., Clearwater, Tucannon, Asotin, Grande Ronde, and the Imnaha basins).

According to ODFW (Pers. Comm. Kyle Bratcher, ODFW February 2019 to R. Labiosa
USEPA), the ‘vast majority of bull trout in the Snake River originate in the Imnaha River’.
Based on PIT tag data 2011-2014 (ODFW unpublished data supplied by Kyle Bratcher), bull
trout migrate upstream into the Imnaha from the Snake beginning in the spring and continuing
into the summer months (Table 3.6). The average period the upstream movement into the Imnaha
is in late April based on these four years of data. Adults move out of the Imnaha River in the fall
with the average period of late November. The following graph (Figure 3.11) illustrates the
temporal distribution of these upstream and downstream movements by adult bull trout. In
general, the total counts are low and time-periods are protracted relative to the number of bull
trout detected. These data indicate bull trout have moved out of the mainstem Snake during late
spring through mid- fall.

Table 3.6. Bull trout upstream and downstream passage dates detected at lower Imnaha River (Source:
ODFW unpublished data from Kyle Bratcher).

Imnaha River #1 (IR1) (Rkm 7)
Mean Migration Date Date Range n
Upstream (SPRING)
4/19/2011 3/10/2011 - 7/10/2011 36
4/22/2012 2/25/2012 - 7/8/2012 95
4/29/2013 2/17/2013 - 8/18/2013 157
4/21/2014 2/11/2014 - 6/28/2014 172
Downstream (FALL)
11/25/2011 10/28/2011 - 12/28/2011 30
11/22/2012 10/7/2012 - 1/18/2013 35
11/19/2013 10/9/2013 - 1/11/2014 57
11/25/2014 9/28/2014 - 1/27/2015 62
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Figure 3.11. Detections of PIT tagged bull trout movements in spring-summer (upstream) and fall
(downstream) at the Lower Imnaha station (RKm 7), 2010-2015 (Source: Idaho Power, unpublished data
from Rick Wilkerson; Summarized in memo by P. Leinenbach, Appendix C).

3.9. Southern Resident killer whale (Orcinus orca)

The distinct population segment (DPS) of Southern Resident killer whales (Orcinus orca) was
listed as endangered under the ESA on November 18, 2005 (70 FR 69903). Southern Residents
are designated as “depleted” and “‘strategic” under the Marine Mammal Protection Act (MMPA)
(68 FR 31980, May 29, 2003). NMFS issued the final recovery plan for Southern Residents in
January 2008 (NMFS 2008a).

Killer whales (often referred to as “orcas”) are the largest odontocete (toothed) dolphin species;
adults tend to be 6.1 to 7.3 m (20 to 24 ft) in length, but killer whales may grow as large as 9.8 m
(32 ft) (NOAA Fisheries 2017a). SRKWs live in inland and coastal marine waters, generally 49
to 55 m (160 to 180 ft) deep (Noren and Hauser 2016). Southern Residents are highly mobile and
can travel up to 86 miles in a single day (Erickson 1978; Baird 2000).

Killer whales of related matrilines group together to form pods. Three pods — J, K, and L — make
up the Southern Resident community. Clans are composed of pods with similar vocal dialects
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and all three pods of the Southern Residents are part of J clan. The follow description of the
Southern Resident Killer Whale (SRKW) summarizes information taken largely from the
recovery plan and recent 5-year status review (NMFS 2011d), as well as more recent
information.

3.9.1. Range and Distribution

SRKWs occur throughout the coastal waters of Washington, Oregon, and Vancouver Island and
are known to travel as far south as central California and as far north as southeast Alaska. They
are present in the Salish Sea (Puget Sound, Strait of Juan de Fuca, and the Strait of Georgia)
from spring to fall each year (NOAA Fisheries 2017a). In winter, some SRKWs remain in the
Salish Sea, while others travel along the Washington, Oregon, and California coasts (as far south
as central California) (NWFSC 2015). SRKWs may also travel north along the British Columbia
border as far as the Queen Charlotte Islands and southeast Alaska. Between late spring and early
autumn, SRKWs spend a significant portion of time in the Georgia Basin (Canada) and around
the San Juan Islands of Washington following incoming salmon runs (NOAA Fisheries 2017a).
Satellite- tagged animals and tracking has identified an important winter through spring foraging
area along the west coast of Washington down to the mouth of the Columbia River (Hanson et al.
2013). Although SRKWs can occur along the outer coast of Washington and Oregon at any time
of the year, occurrence along the outer coast is more likely from late autumn to early spring.

SRKWs co-exist in areas with West Coast transient killer whales, but resident and transient
groups generally do not have significant interactions (e.g., socializing or attacking one another)
(Barrett-Lennard and Heise 2007).

3.9.2. Life History
3.9.2.1. Reproduction

Southern Resident killer whales are a long-lived species with late onset of sexual maturity
(review in NMFS 2008a). Females produce a low number of surviving calves over the course of
their reproductive life span (Bain 1990; Olesiuk et al. 1990). The average interbirth interval for
reproductive Southern Resident females is 6.1 years (Olesiuk et al. 2005). Mothers and offspring
maintain highly stable social bonds throughout their lives, which is the basis for the matrilineal
social structure in the Southern Resident population (Baird 2000; Bigg et al. 1990; Ford et al.
2000).

3.9.2.2. Social groups

The familial pods include 20 to 40 individuals led by a dominant matriarch (NOAA Fisheries
2017b, a). Stable social groups tend to include 2 to 15 individuals at a time, but large, temporary
aggregations of the entire population occur, particularly in the summer (NOAA Fisheries 2017a).
Aggregation and separation of groups tends to follow seasonal trends in prey availability and
courtship and mating activities. Temporary associations of the pods, called “superpods,” of 50 or
more individuals may form for a matter of days during late summer, consistent with when whales
are mating (Barrett-Lennard and Heise 2007).
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Other social types are transient killer whales and offshore killer whales. Transient killer whales
generally travel in small groups and will hunt marine mammals. Offshore killer whales are
uncommon, although groups of over 100 have been observed.

3.9.2.3. Behavior

Observations of Southern Resident Killer Whale (SRKW) behavior indicates that their active
time is primarily budgeted to travel (70.4%), followed by foraging (21%), rest (6.8%), and
socialization (1.8%) (Noren and Hauser 2016). Others have suggested that foraging accounts for
a greater amount of activity, 40 to 67% (Ford and Ellis 2006). Diving tends to be concentrated
within the upper 30 m (98 ft) of the water column, with deeper dives of 100 to 200 m (328 to 656
ft) (or more) being occasional (Baird et al. 2005). Diving activity is greatest during the day, and
dive depths and frequencies are greater for males than females (in adults) but are not greater for
adults than juveniles (on average) (Baird et al. 2005). Killer whales are relatively recognizable
due to their distinctive coloring and high level of surface activity (e.g., breaching and tail
slapping), though SRKWs cannot easily be differentiated from transient individuals. Killer
whales communicate, navigate, and hunt using several types of calls, whistles, and clicks
(NOAA Fisheries 2017b).

3.9.2.4. Diet

Salmon are identified as their primary prey of SRKW with a high percentage consumed during
spring, summer and fall (Ford and Ellis 2006; Hanson et al. 2010c¢). Feeding records for Southern
and Northern Residents show a predominant consumption of Chinook salmon during late spring
to fall (Ford and Ellis 2006). Chum salmon are also taken in significant amounts, especially in
fall. Other salmon eaten include coho, pink, steelhead, and sockeye. They also consume non-
salmonid fishes included Pacific herring, sablefish, Pacific halibut, quillback and yelloweye
rockfish (Sebastes maliger), lingcod (Ophiodon elongates), and Dover sole (Microstomus
pacificus) (Ford et al. 1998; Hanson et al. 2010c) and squid.

SRKWs preferentially consume Chinook salmon. Chinook salmon were the primary prey despite
the much lower abundance of Chinook salmon in the study area in comparison to other salmonid
fishes (primarily sockeye salmon). Though mechanisms are not well known, factors of potential
importance include the species’ large size, high fat and energy content, and year-round
occurrence in the area. Killer whales also captured older (i.e., larger) than average Chinook
salmon (Ford and Ellis 2006). Recent research suggests that killer whales are capable of
detecting, localizing and recognizing Chinook salmon through their ability to distinguish
Chinook salmon echo structure as different from other salmon (Au et al. 2010).

Scale and tissue sampling in inland waters from May to September indicate that the Southern
Residents’ diet consists of a high percentage of Chinook salmon, with an overall average of 88%
Chinook across the timeframe and monthly proportions as high as >90% Chinook salmon (i.e.,
July: 98% and August: 92%, Hanson et al. 2010c). The significance of the dominance of
Chinook in the diet of SRKW is discussed at the end of this section.
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3.9.2.5. Movement

Based on acoustic activity of whales, it is inferred that whale movements and presence are driven
by local availability and abundance of salmon (Hanson et al. 2013), suggesting that the prey base
is the most important habitat element for SRKWs. Recent evidence shows that K and L pods are
spending significantly more time off of the Columbia River in March than was previously
recognized, suggesting the importance of Columbia River spring Chinook salmon in their diet
(Hanson et al. 2013).

Late summer and early fall movements of Southern Residents in the Georgia Basin are
consistent, with strong site fidelity shown to the region generally and high occurrence in the San
Juan Island area (Hanson and Emmons 2010; Hauser et al. 2007). There is inter-annual
variability in arrival time and days present in inland waters from spring through fall, with late
arrivals and fewer days present during spring in recent years potentially related to weak returns
of spring and early summer Chinook salmon to the Fraser River (Hanson and Emmons 2010).
Similarly, recent high occurrence in late summer may relate to greater than average Chinook
salmon returns to South Thompson tributary of the Fraser River (Hanson and Emmons 2010).
During fall and early winter, Southern Resident pods, (J pod in particular) expand their routine
movements into Puget Sound, likely to take advantage of chum and Chinook salmon runs
(Hanson et al. 2010a, Osborne 1999).

3.9.3. Stressors and Threats

Because of this population’s small abundance, it is susceptible to demographic stochasticity —
randomness in the pattern of births and deaths among individuals in a population. This can
contribute to variance in a population’s growth and extinction risk. Small populations are also
vulnerable to environmental fluctuations that drive fluctuations in birth and death rates. Finally,
small populations can have more vulnerability to variation in birth or death rates of individuals
because of differences in their individual fitness.

Several factors identified in the final recovery plan for Southern Residents may be limiting
recovery. It is likely that multiple threats are acting in concert to impact the whales. Although it
is not clear which threat or threats are most significant to the survival and recovery of Southern
Residents, all of the threats identified are potential limiting factors in their population dynamics
(NMFS 2008a). Factors of concern include the follow:

Water quality: Water quality in areas inhabited by SRKW. Elevated concentrations of
pollutants/contaminants in the Salish Sea and elsewhere have been linked to elevated
concentrations in salmon and in killer whales (Krahn et al. 2007; Krahn et al. 2009; Lachmuth et
al. 2010; Hickie et al. 2007). Once in the environment, many contaminants accumulate in
biological tissues, and some biomagnify up the food chain, reaching high levels in long-lived
apex predators like SRK'Ws. Maternal transfer of persistent and bioaccumulative contaminants
from mother to offspring increases killer whale body burdens in subsequent generations (by
increasing the baseline burden at birth) (Krahn et al. 2009). Elevated concentrations of pollutants
may result in reduced immune function and/or reproductive capability and mortality (Krahn et al.
2007; Krahn et al. 2009).
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Reduced quality and quantity of prey: Human influences have had profound impacts on the
abundance of many prey species in the northeastern Pacific during the past 150 years, including
salmon. As presented in the sections on threats to salmon, the health and abundance of wild
salmon stocks have been negatively affected by altered or degraded freshwater and estuarine
habitat, including numerous land use activities, from hydropower systems to urbanization,
forestry, agriculture and development, harmful artificial propagation practices, and overfishing.
Finally, the consequences of climate change contribute to habitat alterations (both in fresh and
marine environments) that may negatively impact salmon and reduce productivity. The
availability of adult salmon may be reduced in years following unfavorable conditions to the
early life-stage growth and survival of salmon.

Nutritional stress: Another consequence of a reduced pry base is energy expenditure. When prey
is scarce, whales likely spend more time foraging than when it is plentiful. Increased energy
expenditure and prey limitation can cause nutritional stress. Nutritional stress is the condition of
being unable to acquire adequate energy and nutrients from prey resources and as a chronic
condition can lead to reduced body size and condition of individuals and lower reproductive and
survival rates of a population (e.g., Trites and Donnelly 2003).

Other human activities: fishing, and disturbance caused vessels and noise pollution (e.g., caused
by military activities) and risk from oil spills (NMFS 2008a) all pose possible risks to SRKWs.

3.94. Population Trend and Risk

The historical minimum abundance of SRKWs is estimated to 140 (Krahn et al. 2004; Olesiuk et
al. 1990). Data are insufficient to estimate an upper bound but Several lines of evidence (i.e.,
known kills and removals [Olesiuk et al. 1990], salmon declines, and genetics [Krahn et al. 2004;
Ford et al. 2011a]) all indicate that the population used to be much larger than it is now. A
reasonable assumption is 400 as an upper bound (Krahn et al. 2004).

As of July 1, 2015, there were 81 RSKW (27 whales in J pod, 19 whales in K pod, and 35 whales
in L pod). As of December 31, 2016, there were a total of 78 whales (CWR 2016). Of the three
pods, the L pod is the largest at 35 members followed by J, which has 24 members, and then K,
which only has 19 members (CWR 2016). The most recent count as of late 2018 is 74 whales.
The estimated effective size of the population (based on the number of breeders under ideal
genetic conditions) is very small at approximately 26 whales, or roughly 1/3 of the current
population size (Ford et al. 2011a).

There are several demographic factors of the Southern Resident population that are cause for
concern, namely the small number of breeding males (particularly in J and K pods), reduced
fecundity, sub-adult survivorship in L pod, and the total number of individuals in the population
(review in NMFS 2008a).

At present, the Southern Resident population has declined to essentially the same size that was
estimated during the early 1960s, when it was considered likely to be depleted (Olesiuk et al.
1990). The population suffered an almost 20% decline from 1996-2001 (from 97 whales in 1996
to 81 whales in 2001), largely driven by lower survival rates in L pod. Since then, the overall
population has fluctuated but still remained fairly consistent from 2002 to present (from 83
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whales in 2002 to 81 whales on July 1, 2015). Over a recent 32-year period (1983-2014),
population growth has been variable, with an average annual population growth rate of 0.1% and
standard deviation of + 3.2%.

Extinction Risk: In conjunction with the 2004 status review, NMFS conducted a population
viability analysis (PVA) for Southern Resident killer whales (Krahn et al. 2004). Demographic
information from the 1970s to fairly recently (1974-2003, 1990-2003, and 1994-2003) were
considered to estimate extinction and quasi-extinction risk. We defined “quasi-extinction” as the
stage at which 10 or fewer males or females remained, a threshold from which the population
was not expected to recover. The analysis indicated that the Southern Resident killer whales have
a range of extinction risk from 0.1 to 18.7% in 100 years and 1.9 to 94.2% in 300 years, and a
range of quasi-extinction risk from 1 to 66.5% in 100 years and 3.6 to 98.3% in 300 years.

3.9.5. Critical Habitat

Approximately 6,630 sq km (2,560 square miles) of critical habitat were designated for the
SRKW at the end of 2006 (71 FR 69054). This includes all US waters within the Salish Sea,
excluding 18 areas designated for military use (291 sq km; 112 square miles), any waters less
than 6.1 m (20 ft) deep (at extreme high tide), and Hood Canal. Military installations were
excluded from critical habitat as a matter of national security. The critical habitat was subdivided
into three areas that provide necessary habitat elements: a core summer area (Haro Strait and San
Juan Islands), Puget Sound, and the Strait of Juan de Fuca. These subareas correspond with
seasonal prey (e.g., salmon) concentrations.

The NMFS announced a 12-month finding on a petition from the Center for Biological Diversity
to revise the critical habitat designation for the Southern Resident killer whale (Orcinus orca)
Distinct Population Segment (DPS) (February 2014, 80 FR 9682). In February 2015, NMFS
announced their intention to proceed with revisions to critical habitat. Although projected to
have this complete by 2017, no new rules have been announced (Fed Reg. checked 2/2/19).

PBFs for this critical habitat are stated in 71 FR 69054 as: water quality to support growth and
development; prey species of sufficient quantity, quality, and availability to support individual
growth, reproduction and development, as well as overall population growth; and passage
conditions to allow for migrating, resting, and foraging.

3.9.6. Chinook as Prey for SRKW

In the BE we include a review of the quantity and quality of prey in the action area, because this
is the relevance of the HCC action area for SRKW—the quantity and quality of the prey that
could be affected by the proposed action. As demonstrated in the above sections, Chinook
salmon are important in the diet of SRKW. Two Snake River Chinook stocks, Snake River fall
Chinook and Snake River spring-summer Chinook salmon, appear on the list developed by
NOAA Fisheries and the Washington Department of Fish and Wildlife regarding West Coast
Chinook salmon stocks most important to Southern Resident killer whales (SRKW) (NOAA and
WDFW 2018).

As stated in the life history section, Killer whales, including both the Southern Residents and
other populations in Canada and Alaska, are large consumers of West Coast Chinook salmon in
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terms of biomass and numbers of adult Chinook salmon. The 74 Southern Resident killer whales,
a small subset of all killer whales on the West Coast, consume an estimated 190,000 to 260,000
adult Chinook salmon each year. The Southern Residents depend on a diversity of salmon stocks
that together provide the food they need throughout the year. The more diverse and healthy
stocks available to the whales, the better they can withstand variable ocean conditions, climate
change, and other factors that may affect the availability of salmon. (NMFS 2018b).

Given their more coastal distribution in fall, winter, and spring, K and L Pods are most likely to
prey on Columbia/Snake River stocks directly. They would encounter Snake River fall Chinook
along the outer coast, as fall Chinook typically migrate closer to the coast than spring-summer
Chinook, which spread out much more widely over the Gulf of Alaska. J Pod might encounter
Snake River fall Chinook on the outer coast during forays to the west side of Vancouver Island,
but would be less likely to encounter Snake River spring-summer Chinook. (NMFS 2018a)

Genetic analysis of the Hanson et al. (2010c) samples indicate that when Southern Resident
killer whales are in inland waters from May to September, they consume Chinook stocks that
originate from the Fraser River (including Upper Fraser, Mid Fraser, Lower Fraser, N.
Thompson, S. Thompson and Lower Thompson), Puget Sound (N. and S. Puget Sound), the
Central British Columbia Coast and West and East Vancouver Island. Hanson et al. (2010c)
found that the whales are likely consuming Chinook salmon stocks at least roughly proportional
to their local abundance, as inferred by Chinook run-timing pattern and the stocks represented in
killer whale prey for a specific area of inland waters, the San Juan Islands. Ongoing studies also
confirm a shift to chum salmon in fall (Ford et al. 2010a; Hanson et al. 2010a). Although less is
known about the diet of Southern Residents off the Pacific coast, the available information
indicates that salmon, particularly Chinook, are also important when the whales occur in coastal
waters.

Krahn et al. (2002) examined the ratios of DDT (and its metabolites) to various PCB compounds
in the whales, concluded that the whales feed primarily on salmon throughout the year rather
than other fish species. The predominance of Chinook salmon in their diet in inland waters, even
when other species are more abundant, combined with information to date about prey in coastal
waters (above), makes it reasonable to expect that Chinook salmon is equally predominant in the
whales’ diet when available in coastal waters. It is also reasonable to expect that the diet of
Southern Residents is predominantly larger Chinook when available in coastal waters. The diet
of Southern Residents in coastal waters is a subject of ongoing research.
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4. ENVIRONMENTAL BASELINE CONDITIONS

The environmental baseline includes the past and present impacts of all federal, state, or private
actions and other human activities in the action area, the anticipated impacts of all proposed
federal projects in the action area that have already undergone formal or early section 7
consultation, and the impact of state or private actions which are contemporaneous with the
consultation in process (50 CFR 402.02). These factors affect the species’ environment or
critical habitat in the action area. For the environmental baseline, USEPA conducted two
different analyses.

4.1.  Status of the Environment- Water Quality

The water quality of the Snake River below the Hells Canyon Dam complex has been altered by
anthropogenic forces. The emplacement of the dam complex as well as widespread agriculture
up above the complex, contribute to excess nutrient enrichment, inputs of pesticides and other
toxics, sediment mobilization downstream, and alteration of water temperature.

Temperature alterations affect aquatic biota metabolism, growth rate, and disease resistance, as
well as the timing of adult salmonid migrations, fry emergence, and smoltification. Summer
temperatures above 16°C put fish at greater risk of effects that range from effects on the
individual organism to effects on the aquatic community level. These effects impair salmon
productivity from the reach scale to the stream network scale by reducing the area of usable
habitat and adversely affecting fish growth, behavior, and disease resistance. The loss of
vegetative shading is the predominant cause of elevated summer water temperatures in tributary
networks. Smaller streams with naturally lower temperatures that are critical to maintaining
downstream water temperatures are most vulnerable to this effect. The same factors that elevate
summer water temperature can decrease winter water temperatures and put salmon at additional
risk. Widespread channel widening and reduced base flows further exacerbate seasonal water
temperature extremes.

Pollutants also degrade water quality. ESA-listed fish species require clean gravel for successful
spawning, egg incubation, and emergence of fry. The effects of pesticides and fertilizers,
especially nitrates, on water supplies and aquatic habitats are a significant concern. Water
pollution of almost every category is increasing, as are hazardous waste emissions, air pollution,
toxic releases, and waste generation (Risser, 2000).

4.1.1. Snake River Hells Canyon TMDLs and 303(d) Lists of Impaired Waters

Section 303(d) of the federal Clean Water Act and 40 CFR §130.7 require states to identify water
bodies that do not meet water quality standards and are not supporting their designated uses.
These waters are placed on the Section 303(d) List of Water Quality Limited Segments (also
known as the list of impaired waters). As required by the CWA, IDEQ periodically conducts a
comprehensive analysis of Idaho's water bodies to determine whether they meet state water
quality standards and support beneficial uses. IDEQ prepares an “Integrated Report™ to list the
current conditions of all state waters [CWA 305(b)] as well as those waters that are water quality
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limited or impaired [CWA 303(d)]. IDEQ lists streams or lakes as impaired for either failing to
meet their designated beneficial uses, or for exceeding state water quality criteria. Individual
stream reaches are listed for parameters such as water temperature, sedimentation/siltation, fecal
coliform, ammonia, oil and grease, dissolved oxygen, toxics, etc.

Waters listed under the CWA 303(d) for temperature are widespread and include the Snake River
mainstem below the Hells Canyon Dam. Reach-specific 303(d) listed stream segments are
available at: http://www.IDEQ.idaho.gov/water-quality/surface-water/monitoring-
assessment/integrated-report/. The Lower Snake River segment is currently (IDEQ approve 2014
list) listed as impaired for chlorophyll a, DO, TDG, temperature, and methyl mercury (IDEQ
web viewer accessed December 10, 2018, https://mapcase.deq.idaho.gov/wq2014/). On the State
of Oregon’s (Oregon Department of Environmental Quality or ODEQ) ODEQ’s 2012 integrated
report, this section of the Snake River is listed in category 4a, TMDL approved, TMDL not
needed (https://www.oregon.gov/deq/FilterDocs/2012sumAssessment.pdf).

In 2004, USEPA approved 4 TMDLs for the Snake River Hells Canyon Subbasin (17060101,
17050103, 17050115, and 17050201), which includes the action area. The TMDLs addressed
bacteria, nutrients, nuisance algae, dissolved oxygen (DO), pesticides, pH, sediment,
temperature, and total dissolved gas (TDG) to protect and restore cold water aquatic life, primary
contact recreation, domestic water supply, and salmonid spawning designated uses, although it
recommended delisting for bacteria and pH. In 2010, additional TMDLs for this subbasin
(17060209 and 17060101) addressing temperature, sediment, and bacteria issues in certain
tributaries to the Lower Snake River were also approved by USEPA.

4.1.2. Permitted Discharges

Idaho: None

Oregon: Hells Canyon Dam, ODEQ NPDES Permitted discharge USEPA ID OR0027278.
Permit expired on 7/31/2009 and has been administratively extended. Discharge is non-contact
cooling water and sump leakage.

4.1.3. Current Temperature Conditions

4.1.3.1. Temperatures of the Hells Canyon action area

The following graphs from the IPC (2018) illustrate the current annual temperature regime at
Hells Canyon Dam using data monitoring for inflow at Brownlee Reservior (1996-2017) and
outflow at Hells Canyon Dam (1991-2017) (Figure 4.1and Figure 4.2). Summer water
temperatures are elevated in the action area throughout the summer months into the fall. Water
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depth and summer stratification in Brownlee Reservoir results in contributions of colder water to
the downstream reach through the summer.

30

Temperature (°C)

HCC Outflow Average Daily Average
— — — —  HCC Inflow Average Daily Average
— — — 19°C Daily Average Criteria

Figure 4.1. Average daily temperatures for the inflow from Brownlee Reservoir (1996-2017) and the outflow
at Hells Canyon Dam (1991-2017) (Source: IPC 2018 Figure 6.5-1). Horizontal Line is the Idaho daily
average of 19°C.

56



15 4

10 -

7DAM Temperature (°C)

5 - T T . . . T r T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

HCC Outflow Minimum or Maximum 7DAM
— — — HCC Inflow Minimum or Maximum 7DAM

Figure 4.2. Minimum and maximum 7DAM temperature for Brownlee Reservoir inflow (minimum or
maximum, 1996-2017) and Hells Canyon Dam outflow (minimum or maximum, 1991-2017) (Source: IPC
2018, Figure 6.1-7).

4.1.3.2. Temperatures experienced by migrating Snake River salmon

Snake River salmon species are exposed to a range of temperatures on their long migration from
ocean to freshwater spawning areas. A study by Keefer et al. (2018) looked at thermal regimes
of salmon from freshwater entry to the Lower Granite Dam. The following figure is taken from
Keefer et al. 2018 shows the range of fish body temperature over the course of the 470 rkm
migration from Bonneville to the LGD for individual fish (Figure 4.3 from Figure 8 in Keefer et
al. 2018).

57



24

22

20 A

18

16

14

12

Fish temperature (°C)

10 4

0# 1||:

8 4

1Apr 1May 1Jun 1Jul 1Aug 1Sep 10ct 1Nov6 8 10 12 14 16 18 20 22 24

Release date Water temperature (°C) on release date

Fig 8. Range of fish temperature exposure over their full migration. Individual Snake River Chinook salmon and steelhead mean, minimum, and maximum body
temperatures during the ~470 rkm migration from release to Lower Granite Dam in relation to release date (left panel) and Columbia River water temperature on their
release date (right panel) in 2000 and 2002. Red symbols are for spring Chinook salmon (n = 126); black symbols are for summer Chinook salmon (1 = 34); blue
symbols are for fall Chinook salmon (n = 21); and gold symbols are for summer steelhead (n = 75).

Figure 4.3. Snake River salmon/steelhead temperature exposure over range of migration from being tagged
and released at Bonneville through to reaching LGD (2000 and 2002). Temperature exposure is shown in
relation to release date (panel 1) and to water temperature at release (Source: Figure 8 in Keefer et al. 2018).

USEPA generated a longitudinal temperature profile of the Snake River downstream of the Hells
Canyon Dam and Snake tributary data, during the fall spawning period, to analyze temperatures
for spawners. Data used for the mainstem Snake River below the Hells Canyon Dam was from
Idaho Power monitoring (Idaho Power Company unpublished data, received February 2018).
Using temperature data provided by Idaho Power (Unpublished data), maximum weekly (7-day
average) maximum temperatures (MWMT) were calculated. Two data checks were
implemented on this water temperature data: 1) The data was checked for “missing” data, with
only MWMT estimates calculated with at least 4 days of data included in the analysis; 2) In
addition, sampling data was removed from the analysis if more than 4 days of data were missing
during the first week of the assessment period. The second check was done because water
temperatures was almost always warmest during the initial part of the assessment period.
Results of this analysis are in Appendix A (Tables 1 and 3).

Data used for the tributaries was from an evaluation of temperature data from the U.S.
Geological Survey National Water Information System (NWIS; http://waterdata.usgs.gov/nwis)
conducted by Isaak et al (2012). Their analysis included only sites that had multiple years of
stream temperature measurements and only those years of site data were retained that had at least
300 daily observations. The time-series of remaining years with data were then examined and
only those sites having at least 20 of the 30 years in the period from 1980-2009 were retained
(average number of years was 26). Imnaha River, Salmon River and Clearwater River water
temperatures were obtained from USFS NorWeST database
(www.fs.fed.us/rm/boise/ AW AE/projects/NorWeST.html#). Sampling locations used in this
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tributary analysis were the most downstream sampling location with water temperature data
during the analysis period. Similar data checks were done to these datasets. The estimated
Snake River RM (River Mile) associated with these tributary confluences was estimated from the
NHDPIlusV1 stream database (www.horizon-systems.com/NHDPlus/NHDPlusV1_ home.php).
Results of this analysis are in Appendix A (Tables 2 and 4).

Observed water temperatures downstream of the Hells Canyon Dam are well above the current
fall spawning water quality standard (13°C maximum weekly (7-day average) maximum
temperature (MWMT)), as well as the proposed new standard (14.5°C MWMT) during the fall
spawning period (Figure 4.4). Temperature violations are still shown to occur during later
spawning periods (i.e., October 23rd through November 6th) (Figure 4.5). These figures also
illustrate that both Imnaha, Salmon and Clearwater River temperatures, at their respective
confluences with the Snake River, are much colder than Snake River temperatures. It appears
that Clearwater River inputs result in dramatically reduced temperatures in the Snake River
during the early fall period (i.e., Figure 4.4), while it appears that the Salmon River inflow may
be more impactful during the late fall period (i.e., Figure 4.5), and the Imnaha River discharges
do not appear to be influential on mainstem Snake River Temperatures during both the summer
and fall periods.
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Figure 4.4. Longitudinal Snake River Temperature Profile downstream from the Hells Canyon Dam to the
Washington State line observed between 1992 and 2018 for the 10/1 through 11/14 period. Bars represent the
75th and 25th percentile values, and numbers represent the years of data (Source: Idaho Power Unpublished
data for mainstem and NorWest data for tributaries to the Snake River).
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Figure 4.5 Longitudinal Snake River Temperature Profile downstream from the Hells Canyon Dam to the
Washington State line observed between 1992 and 2018 for the 10/23 through 11/6 period. Bars represent the
75th and 25th percentile values, and numbers represent the years of data (Source: Idaho Power Unpublished
data for mainstem and NorWest data for tributaries to the Snake River).

Temperature data for the Imnaha River were also reviewed, as this is important bull trout habitat
in the action area. Data were available for 2012, 2014, and part of 2013 (Unpublished data Idaho
Power). Coupled with PIT tag detection data from adults migrating out of the Imnaha in the fall,
the temperatures of this migration activity can be determined. Imnaha River Maximum Weekly
(7-Day Average) Maximum Water Temperatures and bull trout downstream migration counts out
of the Imnaha River during the fall are show in (Figure 4.6).
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Figure 4.6. The total number of new daily Bull Trout downstream migration counts out of the Imnaha River
and calculated Maximum Weekly (7-Day Average) Maximum Water Temperature (MWMT) statistics in the
Imnaha River for the fall period of 2012 through 2014 (Source: Idaho Power, Unpublished Data, transmitted
by Rick Wilkinson, Idaho Power Company in 2019, Summarized in Appendix C).

4.1.4. Dissolved Oxygen Conditions

The information provided in this section was directly obtained from USEPA 2017c. Dissolved
oxygen is essential for the respiration of most aquatic organisms. Reduced oxygen levels have
been shown to cause lethal and sublethal effects (physiological and behavioral) in a variety of
organisms, especially in fish. Physiological studies indicate that reduced DO levels restrict the
ability of fish to maximize metabolic processes (Birtwell 1989). Consequently, the growth rates
of fish are affected by reduced DO levels; reductions in the growth rate of salmon have been
recorded at levels as high as seven mg/L (EPA 1986a). Sockeye salmon showed signs of elevated
blood and buccal pressure and an increased breathing rate at concentrations below 5.07 mg/L
(Randall and Smith 1967).

As oxygen availability is reduced in the aquatic environment, fish respond by attempting to
maintain oxygen uptake by modifying their behavior, including avoidance, reduced feeding, and
reduced swimming capacity. Under simulated estuarine conditions, juvenile Chinook salmon
avoided DO levels <7 mg/L (Birtwell 1989). For the coho salmon, DO concentrations lower than
4.5 mg/L caused erratic avoidance behavior (Whitemore et al. 1960). Reduced maximum
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swimming speeds were observed in coho and sockeye salmon below the ranges of 11.3% (9.17
mg/L) and 9.17% (8.53 mg/L), respectively (Davis et al. 1963; Brett 1964). Reduced disease
resistance and fecundity have also been reported for fish living under depressed DO conditions
(Davis 1975, Sprague 1985).

Solubility of oxygen decreases as temperature increases and decreases with decreasing
atmospheric pressure associated with elevation or barometric change of weather. High water
temperature, which reduces oxygen solubility, can compound the stress on fish caused by
marginal dissolved oxygen (Bjornn and Reiser 1991). As with other constituents (e.g., metals,
suspended solids, and temperature) the early life stages of fish (egg, embryo, alevin) are the most
sensitive life stage to alterations of dissolved oxygen. Juvenile salmonids may be able to survive
when dissolved oxygen concentrations are relatively low (< 5 mg/L), but growth, food
conversion efficiency, and swimming performance will be adversely affected.

While many adult stages of fish can survive at relatively low DO concentrations, the survival of
embryos and larvae often requires much higher levels (Welch 1980). For most aquatic species,
the time to hatching increases, growth decreases, and survival decreases as DO decreases, with
the greatest reduction in survival observed at approximately 5.0 mg/L (Carlson and Siefert 1974;
Carlson and Herman 1974; Siefert and Spoor, 1973). In addition, reductions in DO decrease
swimming performance in both adult and larval fish (Davis et al., 1963) affecting a species'
ability to migrate, forage and avoid predators.

The early life stages of fish are recognized as being the most sensitive and requiring relatively
high DO concentrations. The oxygen demand by embryos depends on temperature and on the
stage of development, with the greatest DO required just prior to hatching. At near 15°C,
intergravel dissolved oxygen (IGDO) requirements for steelhead can exceed 10 mg/L
(Rombough 1986, Carlson et al. 1980). Rombough (1988) and other researchers have shown that
critical oxygen concentration increases with temperature and with the stage of development of
the fish. At 15° C, the critical level of DO (where ambient levels meet metabolic needs) for
steelhead increases from 1.0 mg/L shortly after fertilization to greater than 9.7 mg/L prior to
hatching.

The crucial timing of IGDO, stream temperature and flow rate varies with each salmonid ESU's
specific characteristics. Sowden and Power (1985) observed that survival in field studies is
negligible when IGDO falls below 5 mg/L. Phillips and Campbell (1962) observed no survival in
a field study where IGDO fell below 8.0 mg/L. They suggest that embryos of newly-produced
fry at moderately reduced oxygen levels may not survive well in nature.

DO water quality criteria have been established to protect communities and populations of fish
and aquatic life against mortalities as well as prevent adverse effects on eggs, larvae, and
population growth. The State of Idaho lists a cold-water biota use standard for DO of exceeding
6 mg/L at all times, and there is a 6.5 mg/L SSC for the Hells Canyon Reach of the Snake River.
Idaho’s DO criteria for the salmonid spawning use are presented as absolute minimums,
statistical criteria, and as percent saturation. Statistical criteria take into account both short- and
long-term exposure to reduced oxygen. DO criteria for salmon spawning apply to specific areas
and times of the year. Idaho's salmonid spawning IGDO criteria are: at least 5 mg/L as a 1-day
minimum; and at least 6 mg/L as a 7-day mean. The salmonid spawning water column criterion
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is the greater of: at least 6 mg/L as a 1-day minimum, or 90 % saturation. The less stringent DO
criterion (> 6 mg/L at all times) for cold water biota applies before spawning and after
developing young fish leave the redd.

EPA (1986a) recommends assuming a 3 mg/L differential between water column DO and IGDO
for criteria development; this implies an IGDO of at least 6.7 mg/L for the Rombough (1988)
work. However, Maret et al. (1993) found that surface DO and IGDO were within 1 to 2 mg/L in
undisturbed streams; this would imply an IGDO of around 9 mg/L for developing steelhead in
the Rombough (1988) study.

The State of Idaho's DO criteria are based on USEPA guidance (the Gold Book, EPA 1986b).
During the time that salmonid-designated waters support embryo and larval stages, USEPA
recommends a water column DO of 11mg/L for no production impairment, 9 mg/L for slight
production impairment, and 8 mg/L for moderate production impairment. Assuming the 3 mg/L
surface to gravel differential (as described above), the IGDO levels are 8 mg/L, 6 mg/L and 5
mg/L, respectively. Idaho has the 7-day mean IGDO criterion of 6 mg/L, which is well below the
8 mg/L "negligible survival" IGDO level discussed above. There are no 5- or 7-day average
criteria for salmonid spawning water column DO or for cold water biota protection in Idaho.

Data from the Hells Canyon Complex outflow shows regular violations of the magnitude of the
Idaho water quality standard for DO. Daily data averaged across years 2004-2017 shows mean
DO exceeded consistently the 6 mg/L cold-water biota standard mid-August through mid-
October (Figure 4.7). In some years DO fell below 4mg/L in the fall time-period (Figure 4.8).
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Figure 4.7. Monthy Hells Canyon outflow mean daily mean, mean daily maximum, and mean daily minimum
outflow DO summarized from measurements collected at ~10 minute intervals, 2004-2017 (Source Figure 6.2-
12 of of IPC 401 Application 2018).
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Daily Mean DO (mg/L)

Figure 4.8. Annual Hells Canyon outflow mean daily DO summarized from measurements collected at ~10-
minute intervals, 2004-2017 (Source: Figure 6.2-14 of IPC 401 Application 2018).

4.2.  General Snake River Hydrosystem Effects to Baseline Conditions

The information provided in this section was directly obtained from the USFWS 2015 Toxics
Biological Opinion (USFWS2015). Storage dams have eliminated mainstem spawning and
rearing habitat and have altered the natural flow regime of the Snake River, decreasing spring
and summer flows, increasing fall and winter flow, and altering natural thermal patterns. Slowed
water velocity and increased temperatures in reservoirs delays smolt migration timing and
increases predation in the migratory corridor (NMFS 2014; Independent Scientific Group 1996;
National Research Council 1996). Formerly complex mainstem habitats have been reduced to
predominantly single channels, with reduced floodplains and off-channel habitats eliminated or
disconnected from the main channel (Sedell and Froggatt 2000).

As stated in Section 3.4, dams in the basin have had a long-term impact on salmon species. The
construction of hydroelectric and water storage dams without adequate provision for adult and
juvenile passage in the Upper Snake River has kept fish from all spawning areas upstream of
Hells Canyon Dam. The lower reaches of the Columbia River are highly modified by
urbanization and dredging for navigation. The upland areas covered by this ESU are extensively
logged, affecting water quality in the smaller streams used primarily by summer runs. The
construction of the HCC specifically extirpated a large area of spawning habitat (some of the
best spawning habitat in the PNW, the Marsing Reach) and, together with other hydrosystem
construction in the Columbia Interior Basin, coincided in a dramatic decrease in salmonid
populations in the Snake River, Hells Canyon.
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In the Snake River, hydrosystem projects create substantial habitat blockages in the Snake River
(SR) ESU; the major ones are the Hells Canyon Dam complex (mainstem Snake River) and
Dworshak Dam (North Fork Clearwater River). Minor blockages are common throughout the
region. In addition to blockage of adult passage upstream, the HCC construction, including
Brownlee Dam in 1958, resulted in a thermal shift and resulted in a modified thermal regime that
delayed fall cooling, resulting in a delayed spawning season, increased winter base temperatures,
delayed the spring warming, and resulted in cooler maximum peak summer temperatures
compared to upstream/inflow conditions (IPC 2018). The effects of thermal shifts are directly
relevant to the action and are detailed in further sections.

Flows are also altered by the Hells Canyon Complex. The upstream storage impacts the
hydrograph, with a relatively constant flow maintained between 8,500 and 13,000 cfs below the
Hells Canyon Dam to fully submerge fall Chinook redds during the spawning season (IPC 2018).

4.3. Factors Influencing Conditions for Salmonids

Besides the impacts to ESA-listed species in the Action Area from the development and
operation of the hydroelectric facilities, other anthropogenic activities that have degraded aquatic
habitats or affected native fish populations in the Snake River basin. These are based on
information in the USFWS 2015 Toxics Biological Opinion (USFWS2015). These activities
include stream channelization, elimination of wetlands, construction of flood-control dams and
levees, construction of roads (many with impassable culverts), timber harvest, splash dams,
mining, water withdrawals, unscreened water diversions, agriculture, livestock grazing,
urbanization, outdoor recreation, fire exclusion/suppression, artificial fish propagation, fish
harvest, and introduction of non-native species (Henjum et al. 1994; Rhodes et al. 1994; National
Research Council 1996; Spence et al. 1996; NMFS 2004). In many watersheds, land
management and development activities have:

--Reduced connectivity (i.e., the flow of energy, organisms, and materials) between streams,
riparian areas, floodplains, and uplands;

--Elevated fine sediment yields, degrading spawning and rearing habitat;

--Reduced large woody material that traps sediment, stabilizes streambanks, and form pools and
contributes to hydraulic diversity.

--Reduced vegetative canopy that minimizes solar heating of streams;

--Caused streams to become straighter, wider, and shallower, thereby reducing rearing habitat
and increasing water temperature fluctuations;

--Altered peak flow volume and timing, leading to channel changes and potentially altering fish
migration behavior; and,

--Altered floodplain function, water tables and base flows.

Tributaries are important salmonid habitat areas for spawning and rear (except for fall chinook,
mainstem spawners). In these systems the integrity of riparian areas is essential to stream
function and habitat quality for salmonids. Many of the habitat issues listed above result from the
poor management of riparian areas. Healthy riparian areas retain the structure and function of
natural landscapes as they were before the intensive land use and land conversion that have
occurred over the past 150 to 200 years. However, land use activities have reduced the numbers
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of large trees, the amount of closed-canopy forests, and the proportion of older forests in riparian
areas.

Introduction of nonnative species either as part of sanctioned fisheries management agendas or
endeavors by private individuals has been ongoing in the west for many decades. The objectives
of planting fish vary (e.g. enhance fishing experiences, influence food web) and the outcomes to
a particular waterbody can also vary. In the west, existence of non-native aquatic species is
common in lotic habitats. Using a random sampling design to provide west-wide estimates of
the condition of rivers and streams, Stoddard et al. (2005) estimated non-native fish and/or
amphibians were common (i.e., they represented more than 10 % of individuals collected at a
site) in approximately 34% of the stream and river length in the Western U.S. Restricting this
dataset to the interior Columbia Basin, Herger et al. (2007) estimated 26% of the wadeable
streams held non-native fish species. Of these, brook trout were the most common non-native
species. The results of an introductions ecological community and the integrity of the existing
fish assemblage can range from no measurable effect to the ecological function of a system or to
situations that can be catastrophic for the fish assemblage. For example, negative impacts of
planted non-native brook trout to native bull trout are well known.

4.3.1. Cold Water Refuges

Cold water refuges are patches of cooler water that are available to coldwater species. This
habitat feature is important for salmon and trout to allow for instream movements and migration
during periods of elevated temperatures without significant affects. These patches of relatively
colder water were defined by Ebersole et al. (2015) as >3°C colder than the ambient stream
temperature. The occurrence of cold water refuges in mainstem rivers such as the Snake River
are spatially complex and are influenced by the contributed of cold water from a variety of
sources; confluences with colder tributaries, inputs from small perennial streams, input from
groundwater upwelling, and subsurface flows from intermittent and ephemeral channels
(Ebersole et al. 2015). As discussed by Fullerton et al. (2015), determining if adequate cold-
water refuges are available is a complex question because there are many factors to consider
including: the size of the cold-water patches, the distribution and frequency of the patches, and
whether they are available at the actual time-periods and actual locations when they are needed
by the fish.

There has been some work to evaluate the occurrence of cold water refuges in the Hells Canyon
reach. The IDEQ/ODEQ 2004 TMDL found that bull trout and steelhead, which can be present
in the summer and fall months in this section of the Snake River escape through the multiple
colder tributaries available as refuges (IDEQ 2004). A study by Chandler et. al (2003) showed
that the rainbow trout populations in the HCC and rainbow trout and bull trout downstream were
using cold-water refugia provided by the tributaries during summer months by either migrating
upstream into the tributaries or associating with the cold-water plume of the tributaries during the
summer months. Using the State of Oregon definition of Cold-water Refugia (CWR) of >2°C
colder than the ambient (i.e. mixed) water, Idaho Power (2018, Exhibit 6.1-1)) evaluated
temperature data from Hells Canyon corridor streams to identify the likely contributions of cold
water. They compared temperature data from two sets of perennial streams (low and high
elevation headwaters) and the Imnaha River to Snake River temperature data collected at two
locations.
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Results from the low elevation headwater data set compared to the Snake River demonstrated
that CWR was provided during at least some portion of the day, except for a few days in the
middle of July, where all diel metrics exceeded the -2°C CWR definition (Idaho Power 2018,
Section 6). Generally, by mid-August, the daily average temperatures started to drop below the -
2°C CWR definition. They concluded that this suggests that thermal refugia was available over
the majority of the diel cycle. Finally, by around the first of September, all of the tributaries
provided CWR during the entire diel cycle. Results from the higher elevation headwater
tributaries demonstrate a much colder pattern relative to the Snake River. All of the tributaries
with the exception of Temperance Creek and Kirkwood Creek provide significant CWR during
all portions of the diel cycle. Besides these perennial streams the SR-HC TMDL identified 813
drainages classified as intermittent. The contribution of these to providing cold water patches has
not been evaluated but may be another source of thermal refugia for salmonids in this reach
(Idaho Power 2018).

4.3.2. Issues Related to Hatchery inputs of Chinook

The 2017 fall Chinook recovery plan (NOAA 2017) provides abundant information on the issue
of hatchery fish impacts to the ESU. The threats are summarized as two primary issues: 1) the
high proportion of hatchery fish as juveniles resulting limiting factors of competition with wild
fish for habitat, food, and other resources, 2) high proportion of hatchery-origin spawners
resulting in limiting factors of genetic change, loss of fitness, competition among spawners for
resources, including spawning areas. The following section from the Recovery Plan (NOAA
2017 is Section 5.5.1, which describes the abundance of hatchery fish as part of the population of
the Snake River fall Chinook:

“As described in Chapter 4, based on estimates made at Lower Granite Dam, the proportion of
natural-origin fish in the population from 2007 to 2016 has averaged only 30 percent, based on
post-harvest, post-broodstock collection estimates above Lower Granite Dam (Young, personal
communication, 2017). However, during the same period, annual abundance of natural-origin
fish was in the thousands, which represents a dramatic improvement over abundance levels in the
1990s.

There are several possible contributing causes to the increased abundance of Snake River fall
Chinook salmon, including reduced harvest rates, improved in-river rearing and migration
conditions, and the development of life-history adaptations to current conditions. In some year,
improved ocean conditions are thought to be beneficial (Cooney and Ford 2007). However, these
conditions fluctuate over the years and in some years may be detrimental to fall chinook
abundance. Snake River fall Chinook salmon hatchery programs have also grown through time.
Undoubtedly, there are more natural-origin fish present now than before the hatchery programs
began, but it is not possible to determine how much of this increase in natural-origin abundance
is due to a real growth in natural productivity rather than a consequence of more natural-origin
fish being produced simply because the hatchery programs have artificially put more fish on the
spawning grounds. In the 1990s, the hatchery programs were limited by measures imposed to
reduce the inclusion of stray fish from other programs. With these limitations no longer in place,
the hatchery programs have now reached their full intended sizes, and under this more stable
situation, the relative contribution of the hatchery programs to abundance and other factors
should be easier to determine (NMFS 2012a).
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4.4. Alterations to Fall Chinook Habitat Following Dam Emplacement

HCD was completed in 1968 and became the upstream terminus for salmon migration. Spawning
habitats in the lower Snake River were lost with the construction of the federal Lower Snake
River dams, beginning in 1962 with the completion of Ice Harbor Dam and going through 1975
with the completion of Lower Granite Dam. This construction further limited spawning in the
Snake River to the approximately 100 miles of free-flowing river between HCD and Lower
Granite Reservoir. Snake River Fall Chinook (SRFC) life history is intrinsically linked to the
thermal regimes in the Snake River and these thermal regimes have been significantly altered
from the historical condition by the construction of the Hells Canyon Complex. The following
sections detail temperature related habitat alterations and the resulting conditions relevant to this
BE.

4.4.1. Overview

SRFC salmon have a varied history of different thermal regimes. Adults migrate in late summer
and early fall when summer maximum temperatures are at or near their peak. They spawn during
a declining thermal pattern in the fall. These thermal regimes vary among years and spawning
locations, influenced by differences in water year and air temperatures. After the installation of
the Hells Canyon complex of dams the thermal regime of the Hells Canyon shifted resulting in in
warmer fall and winter temperatures relative to the pre-HCC thermal regime. Although this reach
was primarily a migration corridor prior for SRFC to the HCC, the shift in thermal regime has
resulted in habitat that is conducive to spawning and incubation for SRFC. The thermal
environment below the HCC now supports incubation and emergence timing similar to those
historically upstream of the HCC, whereas historically the HCC was a colder incubation
environment that would have delayed emergence timing. Adequate spawning gravels are
available below HCD and the reach has relatively low quantity of fine sediment due to capture of
fines in the HCC reservoirs.

4.4.2. Historic situation (source: IPC 2018 401 application)

The core population of SRFC salmon historically occupied the mainstem Snake River primarily
upstream of Swan Falls Dam. They were closely associated with the warmer winter thermal
regime of the Middle Snake River, which was significantly influenced by the discharge of the
Eastern Snake Plain Aquifer (ESPA). The thermal pattern of the Snake River is unique from
other rivers because of the high volume of groundwater stored in this aquifer. In total,
approximately 5,000 cfs of groundwater enters the Snake River (between approximately RM 553
and RM 620) in the form of springs that flow from basalt cliffs. The warmer water inputs from
the ESPA translate into warmer incubation temperatures for SRFC resulting in allowance for
early emergence from spawning areas followed by a short freshwater rearing phase before
outmigration (referred to as Age-0 life history). This life history strategy is dependent on early
emergence to allow enough time to feed and grow before then migrating early enough before
summer water temperatures become unsuitable. In contrast some Chinook salmon have an Age-1
type strategy, where fish will rear during the first year in freshwater and migrate to the ocean as a
1-year old fish. The thermal regime for Age-1 life histories must be cool enough to support
summer rearing, which was not likely in the arid desert environment of the mainstem Snake
River.
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Prior to the construction of the HCC, the Snake River in Hells Canyon was relatively cold, and
fish would have emerged late relative to those upstream in the Swan Falls reach and would have
had to rear and migrate during warm summer temperatures. This thermal regime was very
similar to the Salmon River, which historically has not supported significant SRFC salmon
spawning. When Brownlee Reservoir and Dam were constructed and blocked migration, it also
created a thermal shift with warmer fall temperatures. The reservoir also moderated winter
temperatures to be warmer than what historically occurred below Brownlee Dam. This new
thermal regime created conditions for emergence timing comparable to below Swan Falls Dam
and continues today to support the Age 0 life history.

The modification of the thermal regime is illustrated by using the mean daily average
temperature of the Snake River measured below HCD for the time-period 1996 to 2006 (Figure
4.9 from Figure 6.1-10 in Idaho Power 2018).Construction of Brownlee Dam (1958) modified
the thermal regime in the Hells Canyon reach of the Snake River, causing 1) delayed fall cooling,
2) increased winter base temperatures, 3) delayed spring warming, and 4) cooler summer
temperatures relative to inflow conditions.
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Figure 4.9. Mean daily average water temperature in °C that represents thermal patterns of the Snake River
for the time-period 1996-2006 at Bliss Dam (RM 560), Swan Falls Dam (RM 458), a location above the inflow
to Brownlee Reservoir (RM 345), HCD (RM 247), and the Salmon River (RM 1) and for the time-period1954—
1957 for the pre-HCC location at RM 273 (Source ID Power 2018 Figure 6.1-10).
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Water temperatures in the reach typically range from 20°C to 23°C (68°F to 73°F) in early
September, fall below 20°C (68°F) in late September, and continue to decline through the month
of January (Figure 4.10). The reach does not freeze in the winter, as it sometimes did historically.
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Figure 4.10. Daily average temperature in °C inflow to Brownlee Reservoir and outflow from Hells Canyon

Dam for the 1996-2012 period of record compared with Idaho’s daily average criteria (Source: NOAA 2017
Fall Chinook Recovery Plan).

4.43. Delays to peak summer temperatures (from 2018 recovery plan)

The largest reservoir in the Hells Canyon Complex is Brownlee, at the head of the complex,
followed by the Oxbow and Hells Canyon Reservoirs. The Oxbow and Hells Canyon Reservoirs
have little storage capacity, so most of the water released from Brownlee travels downstream
through the Oxbow and Hells Canyon projects within a day. The general effect is that the large
thermal mass created by the water stored in these reservoirs delays the peak summer water

temperature to a later date and maintains temperatures at a higher level later into the fall relative
to what would occur in a natural river condition.

While the delay in peak temperature is a consistent trend on an annual basis, a subtler effect of
reservoir operations on water temperatures exists between years. During wet years, the Hells
Canyon Complex of reservoirs is drawn down for flood control. Refill of these reservoirs occurs
in the spring when water temperatures have started to warm. Thus, when this water is released in
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the summer, it creates a warmer river environment below the projects. Conversely, in a dry year
the projects are not drawn so deeply during the winter months for flood control, resulting in less
refill, and the water in storage is cooler, thus creating a cooler water environment below the
projects during the summer when this water is released.

4.4.4. Ramifications of altered thermal regimes--adult spawners (from NOAA 2017
Recovery Plan)

Recent (2007 to 2016) average migration timing of fall Chinook salmon and average daily
temperatures at Lower Granite Dam are presented in Figure 4.11. The timing and distribution of
adults upstream of Lower Granite Dam is not well known. Fall Chinook salmon thermoregulate
by delaying migration and using localized cool water areas (Goniea et al. 2006; Clabough et al.
2018). Some adult fall Chinook salmon — especially those migrating past Lower Granite Dam in
late August and early September when water temperatures are highest — likely hold downstream
of the Clearwater River confluence (which is typically cooled below historical temperatures by
releases of cold water at Dworshak Dam). The fish probably also hold temporarily downstream
of the confluence with the Salmon River, which cools more rapidly than the Snake River
(primarily because of Brownlee Reservoir) in the fall, and near other small tributaries.

Adult Passage
Adult Chinook 10YrAvg, Adult Jack Chinook 10¥rAvg, Temperature (WQM) 10YrAvg

. 2000 20
-
o «MWW
-l
S~
I
=
:‘ /
2 1500 o 8 L 15
: Hh :
=] | 7 3
2 1| o b
2] I'.’-. | | \W i
£ | o I <
YU 1000 A |',|‘P ) #i 10 =
S [ i s
3 [+ ‘8 % =
2 I \ 5 B
~ ’ [ ] \ s
L] [ B —
E | U MM ..'... -.9.
> 500 R - T 'Y S L s
=] » | "]
- ’.’ | | -ﬁll
[ ol o
8 a
a " il
= .o"'..h '
<

a ‘# T T T T - 0

Al ) B o £ =)
13 o v ) WY o >
&C & & N 5 g o
& ¥1:Avg07-16:LWG:Chin (35501) 8 Y1:Avg07-16:LWG:IChin (1B196) % Y2:Avg07-16:LWG:termpc

www. cbrwashingten.edu/dart 28 Jun 2017 17:06:46 PDT

Figure 4.11. Average 10-year migration timing of adult Snake River fall Chinook salmon (red line) and adult
jacks (green line) in relation to average 10-year daily temperatures (blue line) at Lower Granite Dam
(Source: NOAA 2017 Recovery Plan).

Operation of the reservoirs during the late summer and fall can have a significant effect on the
temperatures that adult spawners experience. If inflow to the project is high in the late summer,
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then the warmer water collected during summer months is discharged and is replaced by cooler
water inflow during the fall, which passes downstream, creating cooler river environment.
Conversely when inflow to the project is low during the late summer and early fall, the warmer
water in the reservoir is maintained, which is passed through the projects, creating warmer water
conditions for fall spawning fish.

The effects on adults returning to spawn in late summer/early fall are uncertain but could be
negative. About 90 percent of adult fall Chinook salmon pass Lower Granite Dam and enter this
reach between late August and early October, but water temperatures in the reach sometimes do
not fall below the USEPA-recommend criterion of 20°C (68°F) for migrating adult Chinook
salmon until mid-to-late September. Thus, most adult fall Chinook salmon migrating, holding,
and spawning downstream of Hells Canyon Dam could be exposed to warmer temperatures for
longer periods of time than occurred historically, either in the presently available mainstem
Snake River habitat or the habitat formerly accessible upstream. The warmer temperatures could
affect fall Chinook salmon abundance and productivity by increasing pre-spawning mortality and
reducing spawning success. It is not clear, however, that the temperature regime reduces
productivity. It is known that returning adults use cold-water refuges (Keefer et al. 2018), such as
near the mouths of the Salmon River and other smaller tributaries.

According to the 2017 NOAA Fall Chinook Recovery Plan, potential impacts on pre-spawning
adults from water temperatures in this reach remain uncertain. Available literature on all run
types of Chinook salmon (used to develop the 20 °C (68 °F) water quality temperature standard)
suggests that adult exposure to the current thermal regime would be associated with some level
of either lethal effects (e.g., pre-spawning mortality) or non-lethal effects (e.g., decreased
spawning or egg viability) (ODEQ 1995a; McCullough 1999; WDOE 2000a; EPA 2001, 2003;
Mann and Peery 2005; Jensen et al. 2005). It is not clear, however, that the current thermal
regime is significantly affecting pre-spawning fall Chinook salmon in this reach. Comparisons of
adult escapement estimates and fish-to-redd ratios documented in the Snake River do not suggest
that substantial numbers of adult fall Chinook salmon are dying prior to spawning as a result of
their exposure to elevated fall water temperatures. NOAA (2017) opines the following: It is
possible that the size and non-confined nature of the river in this reach below Hells Canyon
Dam, a declining thermal regime after August, and opportunities to escape the high temperatures
by moving to cool-water refugia (e.g., the confluences of the Clearwater River, Salmon River,
and other tributary streams with the Snake River) make the fish less susceptible to disease and
mortality than literature and laboratory studies might indicate. Further, the literature is general to
all Chinook salmon run types, and there is reason to believe that fall Chinook salmon are more
tolerant of higher temperatures than other stocks of Chinook salmon. Nonetheless, in some years,
adults passing Lower Granite Dam in late August and early September may still be exposed to 18
to 22 °C (64 to 72 °F) water temperatures for several days or weeks prior to spawning in this
reach, and the prolonged exposure of adults to elevated temperatures in the migration corridor
and spawning areas could potentially result in reduced spawning success and some egg and fry
mortality (Mann and Peery 2005; Jensen et al. 2005, 2006).

In addition, hydrosystem operations, including variable hydraulic gradient and temperature, can

also negatively impact the ability of fall Chinook to spawn by altering the cues each species uses
to select redd sites, according to a study below Bonneville Dam (Geist et al. 2008). Likewise,
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there is evidence that the declines in fall Chinook in the Columbia and Snake system over the
last 50 years [as of 1999] corresponded to construction and completion of the hydropower
system (Schaller et al. 1999).

4.45. Ramifications of Altered thermal regimes—incubation and rearing (from NOAA
2017 recovery plan)

The current thermal regime, strongly influenced by Brownlee Reservoir, creates warmer
conditions during the egg incubation period. These conditions foster earlier fry emergence and
influence the timing of other life-history stages (parr and smolt). The altered thermal regime also
favors the historically dominant Snake River fall Chinook salmon subyearling life-history
strategy. Compared to historical conditions, the earlier emerging fry feed and grow in shoreline
rearing areas and then outmigrate earlier, when water-temperature mediated effects such as
increased mortality, disease, exposure to predators, and reduced physiological development are
less severe.

4.4.6. Alteration of SRFC spawning and incubation periods from historic (taken from IPC
401 Certification Application 2018).

According to IPC 401 Certification Application (2018): Today, some of the earliest spawning
observed in the Snake River is during the second week of October. The peak spawning period
(the median distribution of redd observations for the years 1993—-2009) is November 4. The latest
spawning observations are generally near the second week in December. Evermann (1896)
reported observations of ripe and spent fall Chinook salmon in a fishery at Millet Island in 1894.
The fishery began on October 1 and extended through October 31. ....Ripe fish were still being
captured at the close of the fishery, suggesting spawning continued after November 1. An
observation reported by Evermann from an interview with a seine fisherman near Glenns Ferry
(RM 539) reported observing carcasses through the first half of November. Similarly, below
Swan Falls Dam, Zimmer (1950) reported 3 redds observed in the first week of October 1947,
with a peak number of redds counted on the November 6 flight, and spawning was generally
completed by the end of the first week in December.

4.5. Comparisons to an Undammed Reach: the Hanford Reach

Upper Columbia River summer/fall Chinook are considered closely related to the Snake River
fall Chinook. A portion of the Upper Columbia Chinook ESU that is the highly productive is the
Hanford Reach population, which spawns in the Hanford Reach of the Columbia. The Hanford
reach of the Columbia River is unique in that it is the remaining free flowing section of the
Columbia River. Information provided by NOAA (memorandum from Ritchie Graves, NOAA,
to Dan Opalski, USEPA, 2019; Appendix D) on Hanford Reach Chinook run timing is presented
in this baseline to demonstrate fall Chinook run characteristics where temperatures are more
aligned with a natural (un-dammed condition).

The data sources used by NOAA are in the memo (Appendix D). Data from two reaches are
presented; Vernita Bar Reach (Figure 4.12) and for the entire reach (Figure 4.13). The Vernita
Bar Reach is the most productive reach within the greater Hanford reach. NOAA concludes that
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these data show, since at least 2004, this population initiates spawning at temperatures above or

near 14.5C.
Vernita Bar Reach Fall Chinook Redd Counts and 7-Day Average Temperature at
Vernita Bridge by Date (2004-2016%*)
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Figure 4.12. Six years of total Chinook redd counts from Vernita Bar Reach between 2004 and 2016. Seven-
day average temperature shown as points with regression line (Source: NOAA memo to USEPA; Appendix

D).
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Total Hanford Reach Fall Chinook Redd Counts and 7-Day Average Dally Max
Temperature at Vernita Bridge by Date {2004-2016%)
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Figure 4.13. Nine years of total Chinook redd counts from all zones of the Hanford Reach between 2004 and
2016. Seven-day average temperature shown as points with regression line (Source: NOAA memo to USEPA;

Appendix D).

4.6. Conclusions regarding alteration of thermal regimes

According to NOAA’s Recovery Plan (2017), the operation of the Hells Canyon Complex
contributes to a warmer thermal regime during the fall and may negatively affect the viability of
adult Snake River fall Chinook salmon and egg survival, by causing some pre-spawning
mortality and reducing egg viability or egg-to-fry survival.

4.7. Influence of Climate Change on water temperatures of the Action Area

In an assessment of stream temperature data using the NorWest statistical stream network model
from more than 20,000 sites in the western U.S., Isaak et al. (2017) found that Pacific Northwest
river and stream August mean temperatures have increased by an average of 0.17°C per decade
(standard deviation = 0.067°C per decade) from the reconstructed trend over 40 years, from 1976
—2015. For larger northwestern U.S. rivers, including Pacific Northwest rivers, estimated trends
from time series at 391 sites across the northwestern U.S. revealed that warming trends are
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ubiquitous in the summer and fall months, with July — September mean river temperature
increases of 0.18°C — 0.35°C per decade during 1996 — 2015 and 0.14°C — 0.27°C per decade
during 1976 — 2015 (Isaak et al. 2018). They found that the average regional increase is largely
linked to air temperature increases across the Pacific Northwest; however, at a local to sub-
regional scale, other drivers, such as changes in discharge, can be influential.

S. EFFECTS OF THE ACTION

This section includes an analysis of the direct and indirect effects of the proposed action on the
species and/or critical habitat and its interrelated and interdependent activities

5.1. The USEPA’s Proposed Action on IDAPA 58-0102-1102 — analysis approach of the
potential effects on threatened and endangered species

A direct effect is the direct or immediate effect of the project on a species or its designated
critical habitat areas, whether beneficial or adverse. Direct effects result from the action and
include the direct effects of interrelated actions and interdependent actions. Indirect effects are
impacts that are caused by the action but occur later in time. This analysis of potential direct and
indirect effects comprises likely effects that may be described qualitatively or quantitatively,
depending upon the level of data and information available. The considerations in this analysis
include:

1) The potential direct and indirect effects on threatened and endangered species from the
Agency’s proposed action include: (1) during the period and location of application of the SSC,
including the time-period during which the criterion is changed; (2) the resulting effects during
the transition period in temperature expected between Idaho’s 19 daily average/22°C maximum
criterion in Idaho and the SSC change from 13°C as a MWMT to 14.5°C as a WMT; and (3) the
effects found for threatened and endangered species in the Idaho reach of the Snake River below
its confluence with the Salmon River, in addition to species present above the Snake River’s
confluence with the Salmon River to Hells Canyon Dam. Idaho’s SSC applies to the Snake River
only to its confluence with the Salmon River, and the change from 13 to 14.5°C has potential
implications for downstream threatened and endangered species.

2) The uncertainties associated with this review.

In the below review, in describing the potential effects of the Agency’s action, the USEPA is
analyzing the protectiveness of the 14.5°C SSC WMT. The USEPA’s Temperature Guidance
recommendation to protect salmon spawning is 13°C as a 7dadm.

5.2. Background on the EPA’s Temperature Guidance and Best Available Science for
Criteria Development

Idaho’s criterion that is currently in effect for CWA purposes to protect fall Chinook spawning
and egg incubation is 13°C as a maximum weekly maximum temperature (maximum of the 7-
day average of the daily maxima). The basis for the 13°C criterion was derived from the
USEPA’s Northwest Temperature Criteria Project and resulting Temperature Guidance (EPA
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2003). The USEPA’s efforts to develop regional water temperature guidance to meet the specific
needs of salmonids in Pacific Northwest streams and rivers, referred to as the Northwest
Temperature Criteria Project, consisted of a multi-year collaborative process between states,
tribes, and federal agencies to examine: (1) the most recent science on how temperature affects
salmonid physiology and behavior; (2) the combined effects of temperature and other stressors
on threatened fish stocks; (3) the pattern of temperature fluctuations in the natural environment;
and (4) other issues relevant to developing temperature guidance to protect salmonids. After two
rounds of public comments, the final guidance document, entitled USEPA Region 10 Guidance
for Pacific Northwest State and Tribal Temperature Water Quality Standards, was issued in April
2003 (USEPA 2003).

The scientific and technical foundation for USEPA’s Temperature Guidance (USEPA 2003) was
developed through an interagency technical workgroup, and included six, peer-reviewed,
scientific papers provide the technical foundation for USEPA’s final guidance document.

The six supporting papers, along with USEPA’s final Temperature Guidance document (USEPA
2003), provide a comprehensive evaluation of the effects of temperature on salmonids in the
Pacific Northwest and recommendations for optimal threshold temperatures that support these
designated uses in State and Tribal water quality standards. Additional recent information
considered in this document includes information provided in the Snake River Fall Chinook
Recovery Plan, 2017, the 2015 NOAA and USFWS Biological Opinions on USEPA’s Actions
on Oregon’s Temperature and Intergravel Dissolved Oxygen Water Quality Standards, which
includes consultation on temperature water quality standards that apply to the Snake River below
Hells Canyon Dam (a shared water with Oregon), the Idaho submission supporting
documentation, a review of the Idaho submission by McCullough et al., 2013, and CRITFC
(2019), the 2015 Pacific Salmon and Steelhead Recovery Report, and the results of a review of
the scientific literature since 2015.

5.3. Rationale for the 13°C criterion

The diurnal variation when a 13°C criterion is applied is likely less than the diurnal variation in
the summer, so USEPA hypothesize that a 13°C 7DADM criterion would result in maximum
weekly mean between 10-12°C for a typical stream. The 13°C criterion is designed to protect
spawning, egg incubation, and fry emergence for salmon and trout. Meeting this criterion at the
onset of spawning for salmon and at the end of incubation for steelhead trout will likely provide
protective temperatures for egg incubation [6 to 10°C (43 to 50°F)] that occurs over the winter
(salmon) and spring (trout), assuming the typical annual thermal pattern. The 13°C criterion is
designed to:

(1) protect ripe gametes inside adults during the weeks just prior to spawning [less than 13°C
(55°F) constant],

(2) provide temperatures at which spawning is most frequently observed in the field [4 to 14°C
(39 to 57°F) daily average], and
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(3) provide protective temperatures for egg incubation [4 to 12°C (39 to 54°F) constant for good
survival and 6 to 10°C (43 to 50°F) constant for optimal range] that occurs over the winter
(salmon) and spring (trout), assuming the typical annual thermal pattern (EPA 2003).

Further, USEPA’s Temperature Guidance identified the upper end of the optimal range for
spring and fall Chinook spawning as 12.8°C (described in Issue Paper V), similar to USEPA’s
recommended criterion of 13°C as a 7dadm. Issue Paper V summarized the temperature literature
for fall Chinook spawning as follows:

“Based on a survey of temperature effects on all aspects of spawning in fall-spawning salmonids,
it appears that spawning temperatures in the spring and fall chinook spawning habitats having a
55°F (12.8°C) peak and then a declining trend would satisfy biological requirements.

Egg mortality, alevin development linked to thermal exposure of eggs in ripe females or newly
deposited in gravel, and egg maturation are negatively affected by exposure to temperatures
above approximately 54.5-57.2°F (12.5-14°C). Therefore, a spawning temperature range of 42-
55°F (5.6-12.8°C) (maximum) appears to be a reasonable recommendation for Pacific salmon,
unless colder thermal regimes are natural in any tributary.”

The above literature survey compilation (EPA 2002, EPA 2003) included both the Olson and
Foster (1957) and Olson et al. (1970) data and conclusions in identifying the ranges and
recommendations for spawning criteria. In addition, the Temperature Guidance
recommendations in general considered an NAS recommendation for adjustments to be added to
excess mortality rates from temperature (LT50 after 7 days exposure), such that suggested
protective criteria contain a buffer and result in LT1 rates of mortality for threatened and
endangered species®.

5.4. Hells Canyon Snake River Temperatures —Exposures Related to Agency’s Action

Hells Canyon Snake River daily maximum temperatures can reach 23C in September and remain
relatively high (often exceeding 19C) throughout October. Based on data collected through 2018
(pers comm. Idaho Power Company), September 1-October 22nd average daily maximum
temperatures range from 19.5-20.6C, depending upon the year, while average daily maximum
temperatures from October 9-October 22 range from 15.9-19.0°C (Table 5.1). There is a pattern
of increasing Snake River temperatures over the years at this location, with 2010-2018 on
average 1°C warmer than temperatures 1991-1999 (range 0.4-1.5C) (Figure 5.1).

6 LT50: Lethal threshold concentration for 50 percent of the test organisms. National Academy of Sciences, 1972
cited in U.S. EPA. 2002. Issue Paper V: EPA Temperature Project.
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Figure 5.1. Compilation of daily maximum temperatures for the years 1991-2018 at RM 229.8. Thick lines
represent means of three different decades. The average daily temperature decline at this site for both the
October 9th through October 22nd and the October 9th through November 6th periods was 0.2°C (per day)
[Memorandum from P. Leinenbach, Appendix B; using Idaho Power Company Datal].
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Table 5.1. Observed temperatures in fall transition (September 1- October 22) and early to end of October
(covering early fall-run Chinook spawning period (October 9-22).

Table 1. Calculated Average Daily Maximum Snake River Temperatures During the Fall Period
Observed at the River Mile 229.8 Monitoring Station During this Decade

Assessment Period

September 1st through October 22nd October 9th through October 22nd
2010 19.5 17.9
2011 20.4 17.4
2012 20.1 17.5
2013 20.4 16.7
2014 20.6 18.6
2015 20.5 19.0
2016 No Data No Data
2017 Incomplete Data 15.9
2018 15.8 16.7

Under the proposed SSC, the first 7DADM averaging period is from October 23 through October
29 and must not exceed 14.5C. Assuming a 0.2°C decline during this period, daily maximum
temperatures can be 14.8-15.4°C during the first four days of this period (Table 5.2). The
proposed SSC is generally cooler than existing temperatures. The effects analysis below will
focus on effects associated with changing the criterion from 13°C to 14.5C.
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Table 5.2. Maximum allowed temperatures for the October 23-29 time-period; middle, new 14.5°C SSC,
right, 13.0°C SSC. 13°C data provided for reference, only.

Date Daily Max- 14.5°C SSC Daily max- 13.0°C SSC
23-Oct 15.4 13.9
24-Oct 15.2 13.7
25-Oct 15.0 13.5
26-Oct 14.8 13.3
27-Oct 14.6 13.1
28-Oct 14.4 12.9
29-Oct 14.2 12.7
7-day Average Max 14.8 13.3

The anticipated limit on Snake River temperatures prior to October 23rd results from the
connection between the applicable migration corridor criteria and the USEPA’s proposed action
on the spawning SSC. As described in its submission, IDEQ recognizes that there is a
transitional decline in temperatures from Idaho’s 22°C maximum/19°C daily average salmon
migration criteria to the proposed 14.5°C SSC spawning criterion on October 23 (IDEQ 2012).
Because USEPA’s recommend 13°C spawning criteria is designed to provide protection for the
two-week period prior to spawning to protect developing gametes, the USEPA is also evaluating
the effects of the proposed SSC during this period. Given the mean 0.2C/day rate of decline
(Figure 5.2; Appendix B; and IDEQ 2012), the 13°C criterion serves to effectively limit
temperatures at or below 16.6°C during the pre-spawning and early spawning period, whereas,
for the 14.5°C criterion, daily maximum temperatures can be as high as 18°C on October 9 and
continue to exceed 16.5°C until October 17. See Figure 5.2 .
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Figure 5.2. Comparison in daily temperature maxima with a 0.2°C rate of decline in Snake River
temperatures between October 9 and October 28th in order to meet the SSC as a 7dadm on October 29; 13.0
(red line; provided for comparison) and 14.5°C (blue line).

5.4.1. SR Adult Sockeve and Critical Habitat

54.1.1. Presence in the Hells Canyon Reach of the Snake River

As established in Chapter 3, Snake River Sockeye and its critical habitat are present in this
portion of the Snake River. However, adult SR Sockeye migrate directly up the Salmon River,
and spawn primarily in lakes of the upper Salmon River watershed, therefore they are not likely
to be directly affected in the Action Area.

5.4.1.2. Timing in the Hells Canyon Reach of the Snake River

At the time of year that the SSC applies, October 23-November 6, the majority of SR Adult
Sockeye have completed their migration. According to the available data, SR sockeye complete
their migration (Chapter 3, Figure 3.7, for 1994-2018 data) at Lower Granite Dam prior to the
end of October in 19/24 years. The total number of adult SR Sockeye migrants was 17 in 2006,
when adults continued to pass Lower Granite Dam until November 27. The estimated population
exposed to elevated temperatures due to the Agency’s Action is typically one individual in years
when migration happened later, but in 2006 the number amounted to 5% of the SR Sockeye
adults (Chapter 3, Figures therein). According to sockeye pit-tag data from the University of
Washington DART database, 0.3% of migrants have been detected passing Lower Granite Dam
after mid-October in the past 10 years (Figure 3.8).

5.4.1.3. Direct and Indirect Effects

As discussed above, Snake River temperatures in the two weeks prior to the start of the SSC and
during the time-period of the SSC change would be warmer than river temperatures allowed with
a 13°C criterion (Figure 5.2), given the presumed decline in river temperatures. Given that adult
SR Sockeye are migrating up the Salmon River, the effects from this action are likely to be
limited to the impact at the confluence with the Salmon, and downstream. As mentioned in (b),
a subset of adult SR Sockeye is present at the time that the SSC change applies, with up to 5% of
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the run passing through from Lower Granite Dam during 2006 (Chapter 3, Figures therein). As a
result of the SSC change from 13 to 14.5°C as a 7dadm, estimated Snake River temperatures
from October 9 until November 6 would exceed the threshold for impacts to ripe gametes inside
adults [less than 13°C (55°F) constant], in excess of 16°C during the two weeks prior to October
23. If sockeye were exposed these temperature conditions just prior to spawning there would be
potential for adverse effects (e.g., Jeffries et al. 2012; Bowerman et al. 2016 (sockeye pre-
spawning mortality rates of up to 80% based on Fraser River data). However, it is estimated that
it takes approximately 40 days for adult SR Sockeye to travel from Lower Granite Dam to the
Sawtooth spawning grounds in the upper Salmon River, most of which would be in the Salmon
River, based upon the total distance (Crozier et al. 2014). Therefore, it is unlikely that a sockeye
would be exposed to Snake River temperatures in the two weeks prior to spawning. Likewise,
Salmon River temperatures are generally much colder than mainstem Snake River temperatures
and serve as a refuge by cooling the Snake at the confluence (See Figure 4.4).

The most relevant of the critical habitat PBFs that could be affected by the Agency’s action is
water quality and specifically water temperature to protect adult Sockeye migration and
spawning. Although migration corridor temperatures may be potentially affected by the
Agency’s action, the USEPA does not believe the Action will significantly adversely affect
Sockeye critical habitat for the reasons described above.

Based upon the above review, the USEPA has determined that the Agency’s action may affect,
but is not likely to adversely affect, Snake River Sockeye and its Critical Habitat.

5.4.2. SR Adult Spring/Summer Chinook and Critical Habitat

5.4.2.1. Presence in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Spring/Summer Chinook and its critical habitat
are present in this portion of the Snake River.

5.4.2.2. Timing in the Hells Canyon Reach of the Snake River and Potential Effects

At the time of year when Snake River temperatures may be affected by the Agency’s action,
October 23-November 6, adult Spring/Summer Chinook have already completed their migration
(Chapter 3.5), with 100% of adults crossing Lower Granite Dam prior to August 1 (based upon
1994-2018 data)’. While juveniles outmigrating and rearing may be present at this time of year,
the USEPA’s Temperature Guidance (2003) recommended a criterion of 18°C for combined
migration and rearing, and 16°C to protect core rearing, as 7dadms, both of which are higher
than the 14.5°C SSC.

The most relevant of the critical habitat PBFs that could be affected by the Agency’s action is
water quality and specifically water temperature to protect adult Spring/Summer Chinook
migration, spawning, and juvenile migration and rearing. Although water temperatures may be
potentially affected by the Agency’s action, the USEPA does not believe the Action will

7 Columbia River DART; downloaded February, 2019.
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significantly adversely affect Spring/Summer Chinook critical habitat for the reasons described
above.

Based upon the above review, the USEPA has determined that the Agency’s action may affect
but is not likely to adversely affect, Snake River Spring/Summer Chinook and its Critical
Habitat.

5.4.3. SR Steelhead Migration and Critical Habitat

5.4.3.1. Presence in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Steelhead are an ESU present in the Snake
River.

5.4.3.2. Timing in the Hells Canyon Reach of the Snake River

At the time of year of the SSC, October 23-November 6, SR adult Steelhead, during most years
of record, a subset of the population (typically 10- 25%) crosses Lower Granite Dam just prior to
or during the time-period of the SSC change. Juveniles may be present at this time of year.

5.4.3.3. Direct and Indirect Effects

As established in Chapters 3 and 4, Snake River Steelhead start to experience acute adverse
effects at river temperatures at or above 19C, when they seek out cold water refuges and other
means of maintaining a lower body temperature (Goniea et al. 2006; Keefer et al. 2018; Chapter
4, Figure 4.3). Because of the SSC change from 13 to 14.5°C as a 7dadm, Snake River
temperatures from October 9 until November 6 would be allowed to exceed the threshold for
impacts to ripe gametes inside adults [less than 13°C (55°F) constant] for a longer period of time
than with the prior (13C) criterion. However, the stream type, Type “A”, steelhead found in the
Snake River Basin hold in larger rivers over winter to mature and typically do not spawn until
the following March after dispersing up to headwater spawning grounds (Chapter 3.7). Although
potential coldwater refuges have been identified (see Chapter 4) below and within the action
area, data on the sufficiency of these refuges and whether they have served historically as refuges
for steelhead is currently lacking. Likewise, there is uncertainty in the exposure timeframe of
adult SR steelhead in the Snake River during their migration— the USEPA has not identified the
time of travel for adult SR steelhead within the Snake River until they reach their spawning
grounds, and whether adult SR steelhead are exposed during the full time-period of change of the
criterion, or a subset of time that the criterion change applies or would be expected to affect
temperatures in the Hells Canyon Reach of the Snake River. It is unclear whether sufficiently
distributed coldwater refuges are available to mitigate any effects to adult SR steelhead from the
change in the SSC, since although the change in the SSC to a magnitude of 14.5°C is still well
below the 19°C threshold for heavy refuge use, the SSC allows for warmer temperatures earlier
in the migration season (Figure 5.2). However, because gamete formation and spawning take
place several months after the change in the SSC applies (Chapter 3), and because 13°C is
retained as the spawning criterion from November 7-April 15, the USEPA finds that exposure to
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higher Snake River temperatures due to the Agency’s Action is unlikely to affect steelhead
gametes and spawning.

Likewise, while juveniles outmigrating or rearing may be present at this time of year, the
USEPA’s Temperature Guidance (2003) recommends a criterion of 18°C as a 7dadm to protect
juvenile migration and rearing, and 16°C to protect core juvenile rearing, both of which are
higher than the criterion that is the subject of the Agency’s Action, 14.5C.

The relevant critical habitat PBF that may be affected by the Agency’s action is water quality
and specifically water temperature for adult upstream migration, spawning, and juvenile
migration and rearing. For the reasons described above, the Agency’s action is not likely to
significantly affect water quality that impacts these steelhead lifestages.

For the above reasons, the EPA has concluded that the Agency’s Action may affect but is
unlikely to adversely affect, Snake River Steelhead and its critical habitat.

5.4.4. Fall Chinook
5.4.4.1. Fall Chinook spawning through fry emergence
(a) Presence in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Fall Chinook are an ESU present in the Snake
River.

(b) Timing in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Fall Chinook are present in the Snake River
during the time-period affected by the Agency’s action, as migrating, holding, and spawning
adults through redd emplacement, and egg fertilization and incubation.

Direct Effects: Lethal and sublethal impacts to eggs and fry

Due to its strong influence on metabolic efficiency and senescence, the thermal regime that
migratory fish, and eggs and fry experience establishes the lower bound for reproductive success
for fall Chinook (Plumb et al. 2018). Laboratory studies have shown that fall Chinook initial
spawning temperatures greater than 14.8 °C result in substantially increased levels of egg
mortality [Seymour 1956; Olson et al. 1970; Geist et al. 2006. In its submission, in combining
three studies together with a spline regression model, IDEQ identified a 95% confidence interval
lower bound confidence interval of 15.3°C for an increase in excess mortality (IDEQ, 2012).
However, a more gradual range of thresholds for increasing egg and fry mortality was identified
in Olson et al. 1970; Table 5.3.
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Table 5.3 Threshold temperatures for fall Chinook eggs and fry mortality in a declining thermal regime,
October 30 cohort (Source: Olson et al. 1970).

54.6F/12.6C | 56.6F/13.7C | 58.6F/14.8C | 60.6F/15.89C | 62.6F/17C | 64.6F/18.11C | 66.6F/19.22C

Egg+fry 4.57% 3.64% 11.01% 28.14% 59.55% 97.43% 100%
mortality
gross

Net- excess | O -0.93% 6.44% 23.57% 54.98% 92.86% 95.43%
background
control

For the Geist et al. 2006 study, the adult fall Chinook used in the experiments did not undergo
the complete lengthy migration at high temperatures that Snake River fall Chinook experience,
and in addition, the fall Chinook parents were held at 12 °C (54 °F) prior to spawning, a
temperature that is considerably cooler than that observed in the Upper Hells Canyon reach prior
to spawning. Such holding temperatures are protective of gamete formation, which is adversely
affected above 13°C. Pre-spawning mortality, and damage to gametes and their influence on egg
development to the fry stage, diversity, and total spawn count impacts comparable to what fall
Chinook would experience in the Snake River were therefore not reflected in the Geist et al.
2006 study®®. Additionally, the Geist et al. 2006 study was not a controlled study; no control egg
population was held at the 12°C holding temperature and, therefore, it is difficult to accurately
assess the excess mortality rate associated with the treatments in Geist et al. 2006. Olson et al.
1970 exposed gametes from only 2 adult fish, which could limit the application of such a narrow
dataset to a broader natural population, and the exposure temperatures were ambient conditions
that may not reflect the increase in temperatures throughout the Snake and Columbia River
systems since the 1960s (Figure 5.1, Chapter 6). In their experiments, Olson et al. (1970)

8 NOAA (2015), analyzed the implications of 13C or alternatively a warmer criterion based on the results of Geist et
al. 2006, as follows:

“Richter and Kolmes (2005, p. 38) confirmed the conclusion of EPA (2003) that a 13.0°C criterion as a 7DADM is
adequate to protect spawning and incubation in Chinook salmon, noting that it is “consistent with the upper
temperature range for optimum survival of chinook [sic] salmon embryos and alevins and [is] within reported
temperature ranges for successful spawning.” The study by Geist et al. (2006) described in the IGDO discussion
above included information on the effects of water temperature on fall Chinook salmon in the laboratory (Geist et
al. 2006). Fall Chinook salmon embryo survival from fertilization to hatch and from fertilization to emergence was
lower at 13.0° with DO at saturation than it was for some of the temperature/dissolved oxygen combinations with
higher temperatures and moderate to high (but below saturation) DO concentrations. We view these temperature
results with caution, because the authors held the pre-spawn adult salmon at a constant water temperature of 12°
C, which is colder than the river during spawning. This may have protected gametes in the holding fish from injury
and improved the later survival to emergence in some of the warmer treatments.”

% Conclusion by Geist et al. 2006 included a caveat that it is possible that the cooler pre-spawning temperatures led
to higher survival rates than those found in nature
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followed eggs through the fry development stage and found that all but the two coldest
temperatures of exposure led to significant levels of increased mortality (Olson et al. 1970).

The increase from the current criterion of 13°C to 14.5°C as a 7dadm, together with Idaho’s use
of an additional 0.3°C de minimis allowance'®, would allow maximum river temperatures to
legally reach 15.4°C as a maximum (with daily maxima ranging between 14.2 and 15.4°C given
the typical decline in temperatures in the Snake River at this time of year) within the period of
October 23-October 29 (Table 5.2), identified in the recovery plan as within the range of
“unknown effects”, and on some days potentially above the 95% confidence interval lower
bound for the transition point to excess mortality (15.3°C)!! identified by IDEQ and Idaho
Power Company in the submission'2. A 14.5°C 7dadm criterion would allow temperatures to
exceed 15.4°C throughout the weeks prior to October 23rd. Likewise, for eggs deposited prior
to October 29 when allowable temperatures are at or above 14.8C, significant excess mortality is
likely to result (6.44-23.57% excess mortality per the most comparable October 30th cohort of
Olson et al. 1970). The Olson et al. (1970) study looked at 4 incubation dates, October 30th,
November 14th, November 23rd, and December 8th. The October 30th data are most relevant to
the time-period of interest for this SSC (from October 23rd through November 6th). For the
October 30th-spawned lots, there was no excess total (egg + fish) mortality found at initial
spawning temperatures of up to 13.7C, but excess mortality at 14.8°C was 6.44% and excess
mortality at 15.9°C was 23.57%. When initial exposure temperatures reached 17°C and above,
mortality ranged from 54.98% to greater than 90% (see Table 5.3). The Olson and Foster 1957
study results were variable, with the control (13.8°C) resulting in 16.1% total mortality; 11.6°C
resulting in a reduced mortality of 7.8% total mortality; total mortalities of 10.1% and 10.4% for
15 and 16°C, respectively; and much greater total mortalities of 79% for 18.4°C.

Field and modeling data: Temperature data during weekly spawning surveys in this reach of the
Snake River from 2000 through 2009 show that while redd emplacement occurs at maximum
weekly maximum water temperatures in excess of 13 °C (55 °F), only a small percentage of all
fall Chinook salmon redd emplacement occurred in the reach when water temperatures were

191DEQ has adopted a de minimis provision allowing 0.3C above the applicable criteria into state law and the EPA
anticipates that the provision will be submitted by Idaho to the EPA for its review and action under Section 303(c)
of the CWA in spring 2019

11 Due to differences in methodologies, exposure temperatures, exposure conditions, and rates of decline, the EPA
finds that it may be inappropriate to combine the data from these three studies and apply a regression, without
normalization efforts. Additionally, in the regression a datapoint from the Olson et al. 1970 study was not
converted properly from Fahrenheit to Celsius. As summarized in the Idaho submission: “The Geist et al. (2006)
study used a 0.2°C daily rate of decline, which was comparable to data from the Snake River, whereas the Olson
and Foster (1957) study used a daily rate of decline of 0.18°C. The Olson et al. (1970) study had a more variable
rate of decline ranging from 1.1°C/d to 1.7°C/d (estimated from figures in the report) because they used Columbia
River water at the existing temperatures as the baseline. The two Hanford Reach studies used Columbia River
water, whereas the Geist et al. (2006) study used well water. The Hanford Reach studies monitored survival to a
point past emergence whereas the Geist et al. (2006) monitored survival to emergence. Olson et al. (1970) was
replicated over four spawning dates, whereas the Olson and Foster (1957) and the Geist et al. (2006) was
conducted using one spawning date. These differences may be factors in the slightly higher threshold reported by
Geist et al. (2006) than observed by Olson and Foster (1957).” Due to these differences in methodology and
associated uncertainties with the regression model, the EPA has analyzed the effects based upon the individual
study results here, along with other pertinent data.

121DEQ 2012.
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above 14.5°C as a 7dadm, and very few when river temperatures reached 16.5 °C (61.7 °F) or
higher (NOAA 2017). The weekly spawning surveys conducted by the Idaho Power Company,
U.S. Fish and Wildlife Service, and others from 1994-2017 indicate that the median initiation
date that Snake River fall Chinook salmon in the Upper Hells Canyon reach emplace redds is
October 22 when water temperatures typically exceed 14.5 °C, through November 20, when
water temperatures drop to about 12 °C (54 °F) (unpublished data provided by Brett Dumas,
Idaho Power Corporation to Rochelle Labiosa; comparable to 2000-2009 pattern provided in
NOAA 2017). During a 13-year study period (1991-2003), 4 percent of redds surveyed were
initiated when water temperatures were greater than 16.5 °C (61.7 °F) (NOAA 2017). Typically,
10 to 20 percent of redds are deposited between October 23 and 31, when water temperatures are
14.5to 16 °C (58 to 61 °F) (NOAA 2017).

There is much uncertainty around the appropriate threshold temperature to prevent significant
mortality and/or compromised development in eggs and fry. As previously mentioned, the
USEPA’s Temperature Guidance recommended 13°C as a 7dadm for the spawning season,
derived from a wide array of literature primarily including laboratory experiments under constant
temperature exposures across different salmon species. According to NOAA’s 2017 fall Chinook
Recovery Plan'?, fall Chinook salmon that enter freshwater in the summer and fall, may emplace
redds in warmer water than coldwater fish that enter freshwater in the spring, such as
spring/summer Chinook salmon. However, according to recent modeling by Connor et al., 2018,
there is a high probability that a significant proportion of the earliest emplaced redds are empty
or eggs are unable to develop, due to energy deficits leading to pre-spawning mortality or
premature spawning. Similarly, while adult returns from 2011 through 2015 (2009-2013
estimated ocean outmigration year) were robust, driven by exceedingly warm and food-poor
conditions in the ocean (Peterson et al. 2018) from 2015 (2013 outmigration year) onward, adult
returns have steeply declined (Figure 3.2). Poor ocean conditions and higher temperatures in
migration corridor streams can lead to adult migratory salmonids in general in poorer condition
upon returning to natal streams, and a lack of genetic diversity could weaken the resilience of the
species when environmental conditions change (see e.g., Crozier et al. 2008). For Snake River
fall Chinook, the extirpation of certain historical populations, as well as hatchery influence
(Chapter 3), may have affected genetic diversity of this ESU (Chapter 3) (NOAA 2017).
Similarly, for fall-run Chinook, the 2019 run forecast is predicted to be poor, less than 50% of
the 10-year average (Figure 5.3; NOAA 2019). Therefore, the line of evidence that fall Chinook
are robust and produce redds and eggs at warmer temperatures equivalent to current conditions
should be interpreted cautiously in light of new information, in particular, given 1) the recent
declines in adult returns and 2) the modeled energy losses for fall-run Chinook provided in
Connor et al. 2018 that indicate that early redd emplacement under currently warmer conditions
is not necessarily an indicator that eggs and fry are produced, with high rates of unsuccessful
spawning expected given the poor energy status of fall Chinook just prior to spawning under
such conditions (Figure 5.5 through Figure 5.8). For unsuccessful spawners, energetic modeling
which identified “unsuccessful spawners” projected pre-spawning mortality to be 20% of the
total mortality, with the majority to be “premature spawners” or spawners that build redds but die
prior to successful spawning (Figure 5.5). Pre-spawning mortality based on the 6 available
datasets for the Upper Hells Canyon Reach are compiled in Bowerman et al. 2016 (Figure 5.6)
estimate and average overall pre-spawning mortality of 5%, maximum of 10%. The impact is

13 NOAA 2017. Snake River Fall Chinook Recovery Plan.
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greatest for early spawners (prior to 10/28) according to Connor et al. 2018 modeling; 80-100%
of spawners are identified as pre-spawning mortality during that early time-period for the range
of conditions studied, which included a range of river temperature patterns (Figure 5.7;
Appendix B). Likewise, in Figure B, according to Connor et al. 2018, high levels of pre-
spawning mortality and premature spawning are found in the early spawning period, and
typically comprise all spawners in the early spawning period prior to the end of October (Figure
5.8).
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Figure 5.3. 2019 forecast for fall Chinook adult returns at Bonneville (red dot with uncertainty band)
compared to previous annual counts (blue dots with CIs). (excerpted from
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm March 7, 2019)

The USEPA’s action would allow temperatures prior to October 23 to legally range up to 20°C
as a 7dadm so long as sufficient coldwater refugia are present, or 19°C as a daily average and
22°C as a maximum to protect cold water fish and salmon and steelhead migration, whichever is
more stringent (See Water Quality Standards, Section 2). Exposures to these migration corridor
criteria, would result in 100% mortality to eggs and fry. Given the typical rates of decline in the
Snake River, the USEPA understands that the migration corridor criteria are meant to be
implemented as summer maxima, and therefore effects will be lessened by a gradual decline of
up to 0.2°C per day between the migration corridor criteria in summer and the spawning criteria
in later fall (IDEQ 2012). As mentioned in the Recovery Plan (2017), approximately 4% of redds
(NOAA 2017) are typically emplaced prior to the time that the salmonid spawning criterion
would be applicable, and eggs and fry located in these redds would likely be reduced by 55-98%
mortality, per the Olson and Foster 1957, Olson et al. 1970 and Geist et al. 2006 estimates, for
threshold temperatures in excess of 17C. This loss percentage is greater than 50% of the tail of
the distribution for a listed species, which could impact diversity of fall Chinook (see e.g., EPA
1985). Connor et al. 2018 further interpreted the Geist et al. 2006 results, estimating that embryo
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survival decreased by 10.9 percentage points for every 0.1°C increase in DD>16.5. Based upon
the available fall Chinook spawning and egg incubation/development studies in declining
thermal regimes, an additional 2.4-4% of eggs could be lost for this time-period prior to the SSC
application start date on 10/23. With the current proposed 14.5°C SSC there can be 100% excess
egg and fry loss rate for this time-period (Figure 5.2).

As shown in Table 5.2, due to the averaging period and time-period of application of the SSC, up
to a 15.4°C maximum temperature is allowed on October 23 by the 14.5°C 7dadm criterion,
given the typical 0.2°C daily decline in temperatures at this time of year. As previously
mentioned (Table 5.3), according to Olson et al. (1970), increased excess mortality to eggs and
fry over a comparable suite of temperatures ranged from 6.44% (at 14.8°C) to 23.57% (at
15.9°C). Because the temperature criterion is presumed to be gradually declining over the period
of application, in order to meet 13°C as a 7dadm on 11/7, the time-period where temperatures
may cause excess mortality are in the first week of application of the criterion, and prior to that
time. The percentage of redds emplaced October 23 to October 31 is roughly 10-20% (NOAA
2017) but when the peak redd emplacement is earlier in the year (Connor et al. 2017), total
cumulative percentages of shallow water (<3m; typically 2/3 of the total redds) Snake River
redds emplaced prior to 10/29 can be in excess of 30% (Connor et al. 2017, attached as
Appendix E). The USEPA estimates that the excess loss of eggs due to the change in the SSC to
14.5C for the timeperiod from 10/23-10/29 based on the higher bound 23.57% loss rate and the
39.3% upper bound percentage of surface redds (Connor et al. 2017) (39.3% of redds prior to
10/29- 4% of estimated early redds prior to 10/23=35.3% of redds 10/23-10/29), results in up to
8.3% of eggs and fry lost to mortality'# from 10/23-10/29 which, together with the 4% additional
loss prior to 10/23 results in a total potential loss of eggs and fry of 12.3%. An estimation using
the lower estimated excess mortality rate at 14.8C of 6.44% (Olson et al. 1970), would result in a
total of 2.3% of mortality for eggs and fry during the 10/23-10/29 period, which, together with
the additional 4% of early redds lost prior to 10/23, would result in a lower bound total egg and
fry mortality rate of 6.3% of eggs and fry.

14 Note that because Connor et al. 2017 reported spawning dates as “flight date — 7,” the spawning date recorded
as e.g., 10/29 encompasses redds from 10/29-~11/4. Several spawning dates reported on or around 10/29
reflected redd percentages much higher than estimates from 10/23-10/29 (reported as 10/23 in Connor et al.); for
10/29-11/4, ranging up to 76% of redds.
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Annual Redd Counts 1993-2016, Connor et al. 2017
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Figure 5.4 (a). Grand total of all redds for Snake River (blue dots) and total redds for the Upper Snake
(orange dots) each year, 1993-2016 (Connor et al. 2017).
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Figure 5.4 (b). Redd Distribution by Julian Date and Year for the Snake River above the Salmon River.
October 23 is 296 (or 297 if leap year). (Source: Idaho Power Company, unpublished data pers. comm. with
R. Labiosa, 2018; note that total counts and distribution differ from those in Connor et al. 2017; Idaho Power
includes aerial surveys only).

91



Above Salmon

1200
1000
800
600
400
200

283
285
287
289
291
293
295
297
299
301
303
305
307
309
311
313 ——
315 —
317
319 —
321
323
325
327
329
331
333
335
337
339
341
343
345
347

Julian Date

M 2000 = 2001 = 2002 = 2003 = 2004 = 2005 = 2006 = 2007

W 2008 m 2009 m 2010 m 2011 m 2012 m 2013 m 2014

Figure 5.4 (c). Redd Distribution by Julian Date and Year for the Snake River below the Salmon River.
October 23 is 296 (or 297 if leap year). (Source: Idaho Power Company, unpublished data pers. comm. with
R. Labiosa, 2018; note that total counts and distribution differ from those in Connor et al. 2017; Idaho Power

aerial surveys only).

Based on the above, the Agency’ Action is estimated to result in an upper bound of potential
total annual loss of eggs and fry due to excess lethality and sublethal impacts for spawned eggs
of 12.3% (6.3% at the lower 14.8°C mortality rate). Note in most years current Snake River
Hells Canyon Reach temperatures are well above the temperatures allowed by the 14.5°C SSC
and therefore, the currently level of mortality to eggs and fry is expected to be higher in most
years than what the 14.5°C SSC allows (see e.g., Appendix A Table 3 and Table 5.4).
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Table 5.4. Snake River Hells Canyon 7dadm temperatures measured at the penstock monitoring location
showing exceedences of 13.3°C, 1991-2017. (Source: Idaho Power Company 401 certification proposal
(2018)—Table 6.1-4).

Cumulative
Thermal

TDAM Criteria Load Annual

Temperature Exceedance Duration (days Exceedance Average Water-Year
Year (°C) (°C) after 10/29) (bkcal) Flow (cfs) Category
1991 16.4 31 12 4532 10,400 Low
1992 158 25 16 551.0 2,400 Low
1993 15.7 2.4 10 366.5 16,500 hediurmn
1994 15.5 22 12 353.0 10,2800 Low
1995 146 1.3 7 1148 17,500 Mediurm
1996 148 1.5 2] 1502 24 600 High
1997 133 0.0 1] 0.0 32,000 High
1992 14.0 0.7 G 557 23,000 High
1995 145 1.2 g 181.4 22900 High
2000 150 1.7 a 1929 15,100 hMedium
2001 15.8 25 14 4222 9,300 Low
2002 153 2.0 ] 2103 11,000 Low
2003 16.8 35 13 5477 11,700 Low
2004 16.3 3.0 15 500.4 10,900 Low
2005 157 2.4 15 4560 11,100 Low
2008 153 20 2 1849 21,500 Medium-high
2007 14.5 1.2 9 11632 11,000 Low
20038 14.9 1.6 10 1751 12,700 Low
2009 146 1.3 G 952 14,400 Medium—low
2010 16.2 35 20 8099 13,300 Medium—low
2011 154 21 11 4280 24 900 High
2012 15.8 2.5 16 4381 15,800 hedium
2013 153 2.0 11 2774 9,700 Low
2014 172 349 21 1,044.9 11,200 Low
2015 17.9 4.6 23 1,256.4 10,200 Low
2016 16.0 27 24 G865 12,200 Low
2007 14.4 1.1 2] 105.9 25,600 High
Mote: 1993 AND 2001 temperature data was not collected at the penstock monitor, so data collected within 20 miles downstream
of HCD was used to fill the data gaps =0 a representative cumulative themmal load exceedance could be calculated for those
YEErs.

Direct Effects: Impacts to gametes and embryo loss

Adverse holding temperatures for adults also can lead to later excess egg mortality (Jensen et al.
2006). In a comparison between holding temperatures, a colder site with mean daily
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temperatures below 9°C resulted in 3.04% mortality for eggs, in comparison to 11.8-13.4%
mortality for eggs at warmer locations with maximum mean daily temperatures ranging from
approximately 15.5-23.5°C during the holding period [note that many females died prior to
spawning after transfer into the warmer ambient locations; reported estimates are for successfully
spawned eggs, only]. Although the 13°C criterion allows for temperatures to exceed 15.5°C in
the early spawning period prior to October 23, the number of degree days over 15.5 is reduced
by approximately two weeks in comparison to the 14.5°C criterion, given the typical rates of
decline in temperatures at this time of year (Figure 5.4 (a)). An additional 8.8-10.4% of excess
egg loss is likely to occur due to impacts to gametes from sustained excess temperatures for over
two weeks prior to spawning. This range comports well with the simulations of Connor et al.
2018 (estimated embryo loss for successful spawners under current conditions in the Snake River
of 5-20%, for October 27-November 1, depending upon the year, 2010-2015), and an
approximate midpoint of 10% (Figure 5.10).

In summary, there are likely adverse effects for fall Chinook eggs from the Agency’s action,
stemming from both egg death due to exposure to higher than optimal temperatures, and loss of
gametes due to cumulative exposures to high temperatures during gamete formation prior to
spawning.

Direct Effects: Eggs and fry located below the confluence of the Salmon River not protected by
an ldaho spawning criterion

The Upper Hells Canyon Contiguous Reach from the Hells Canyon Dam at rkm 398.7 to the
Salmon River at rkm 302.9 (95.8 rkm total), and the Lower Hells Canyon Reach, from rkm 302.9
to rkm 234.0 (68.9 rkm total) are identified as two out of three primary spawning areas for Snake
River fall Chinook, with the other primary area being the Clearwater River (Connor et al. 2018).
The 13°C SSC that is currently effective in Idaho to protect fall Chinook spawning applies only
to the confluence with the Salmon River. However, redds are emplaced in the Snake River below
its confluence with the Salmon River in a second primary area below the Salmon River (Chapter
3, Figure 3.4, Since 2001 from 30 to 50% of redds are emplaced below the Salmon River
confluence, depending on the year). The USEPA does not have information on the number of
redds located between the confluence with the Salmon River and the Idaho, Oregon and
Washington border (12.3 miles of the Snake River); Oregon applies its spawning criteria of 13°C
as a 7dadm above and below the confluences with the Hells Canyon Dam, to its border with
Washington (See Chapter 6). The USEPA’s proposed action and change in the spawning
criterion from 13°C to 14.5°C will allow the propagation of warmer river temperatures
downstream, with adverse effects as described above for the portion of the Hells Canyon Reach
above the confluence with the Salmon River. Without a cap on temperatures, anthropogenic
sources could result in water temperatures up to 17.5°C (WA WQS) as a 7dadm or 19 daily
average and 22°C maximum (ID WQS), whichever is more stringent, downstream of the area of
complete mix from the upstream waters maintained at the spawning criterion, during the full
spawning period. Although the Salmon River (and further downstream, the Clearwater River)
cool the Snake River below the Salmon River (Chapter 4, Figure 4.3), Snake River maximum
temperatures (Figure 3.5) typically exceed 17°C as a 7dadm prior to October 23. Effective
implementation of downstream protection provisions and existing use (antidegradation)
protective provisions may reduce these potential effects (See Chapter 2).
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5.4.4.2. Adult pre-spawning impacts
(a) Presence in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Fall Chinook and its Critical Habitat are present
in the Snake River.

(b) Timing in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Snake River Fall Chinook are present at the time of year of
the SSC in the Snake River, as migrating, holding, and spawning adults and eggs.

5.4.4.3. Direct and indirect effects

There is information in the Snake River Fall Chinook Recovery Plan (NOAA, 2017) that
identifies the September to early October time-period as a critical time-period for potential pre-
spawning mortality, noting that “Nonetheless, in some years, adults passing Lower Granite Dam
in late August and early September may still be exposed to 18 to 22 °C (64 to 72 °F) water
temperatures for several days or weeks prior to spawning in this reach, and the prolonged
exposure of adults to elevated temperatures in the migration corridor and spawning areas could
potentially result in reduced spawning success and some egg and fry mortality...” National
Oceanographic and Atmospheric Administration (NOAA) (2017) also speculate that cold water
refuges may mitigate some of the thermal impacts from holding in Snake River temperatures in
excess of thermal tolerances, including at the confluences with the Clearwater and Salmon
Rivers (Mann and Peery 2005; Jensen et al. 2005, 2006) and potentially other “small tributaries”
however, few details are provided on the sufficiency of refuges to offset the thermal exposures to
adults. Further, use of refuges can be disadvantageous in terms of energy consumption (Plumb
2018).

In addition, as discussed in Connor et al. (2018), the literature including Bowerman et al. (2016)
comprise more fine-tuned estimates of pre-spawning mortality for the genus Oncorhynchus,
based on the definition that it is the mortality observed after the adults reach the spawning
grounds but before eggs and milt are successfully released. Bowerman et al. (2016) found that
pre-spawning mortality increased as the time in freshwater and distance migrated to the
spawning grounds increased. This indicates that there is a link between energy expenditure over
the migration and holding time and travelling distance which can lead to death.

As shown in Figure 5.7, Upper Hells Canyon Reach (above the Salmon River) fall Chinook pre-
spawning mortality estimates based on simulations of energy loss for prior to and during the time
the SSC applies are a high percentage of all spawning adults, ranging from 80-100% through
October 29 in all years, with lesser degrees of pre-spawning mortality, depending upon the year,
through early November (Connor et al. 2018). Additional estimates of pre-spawning and
unsuccessful spawning populations and effects on embryos are presented in Figure 5.8, Figure
5.9, and Figure 5.10.
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Figure 29. The percentages of the PIT-tagged, hatchery-origin
fall Chinook salmon adults that were dassified as unsuccessful
spawners and fell into the pre-spawning or premature spawning
mortality categories, 2010-2015. The numbers above the bar are
the sample sizes of fish dassified as unsuccessful spawners.

Figure 5.5. Number and percentage of fall Chinook adults classified as pre-spawning mortality or premature
spawning (empty redd producers). Based on current temperature exposures (Source: Connor et al. 2018).
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Figure 28. Pre-spawning mortality (%) distributions (5th, 25th,
50th, 75th, and 95th percentiles) for basin-level groupings of fall
Chinook salmon calculated with empirical data from Bowerman
et al. (2016) compared to the distributions calculated from simu-
lations made with the somatic energy use model for the PIT-
tagged, hatchery-origin fall Chinook salmon adults in the Upper
Hells Canyon spawning area (UHC). The numbers above the 95th
percentile are the sample sizes. Other abbreviations: CLR, Clear-
water River lower reach, ID; KAL, Klamath Falls, OR; MCOL, Mid-
Columbia, OR; PUG, Puget Sound, WA; SAC, Saaamento, CA; SJO,
San Joaquin, CA. The data were provided by the corresponding
author of Bowerman et al. (2016), except for the Clearwater River
lower reach that were taken from Amsberg et al. (2007, 2010)
and Amsberg and Kellar (20073, 2007b, 2007c¢).

Figure 5.6. Pre-spawning mortality estimates across the Pacific Northwest (Source: Connor et al. 2018).
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Figure 30. Simulated daily pre-spawning mortality rates (%) of

PIT-tagged, hatchery-origin fall Chinook salmon adults along the
Upper Hells Canyon spawning area, 2010-2015.

Figure 5.7. Pre-spawning mortality rates estimated for the Upper Hells Canyon reach above the Salmon
River (Source: Connor et al. 2018).
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Figure 32. Standardized, simulated spawning initiation date distri-
butions for PIT-tagged, hatchery-origin fall Chinook salmon adults
that fell into the pre-spawning mortality category (had they sur-
vived to initiate spawning), into the category of premature spawn-
ing mortalities, or were classified as successful spawners, 2010-
2015.

Figure 5.8. Estimated unsuccessful and successful spawning proportions for the Snake River (Source: Connor
et al. 2018).
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Figure 34. Annual mean (95% C.l) day of passage at Lower Gran-
ite Dam (panel a; numbers in bars = n), simulated cumulative
temperature exposures between Bonneville and Lower Granite
dams (panel b), and simulated expended useable energy (cumu-
lative %; panel c) during Stages | and Il for PIT-tagged, hatchery-
origin fall Chinook salmon adults that were dlassified as either
successful or unsuccessful spawners, 2010-2015.

Figure 5.9. Comparative estimates of unsuccessful and successful spawners passing from lower Granite
(Source: Connor et al. 2018).
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Figure 5.10. Estimated temperature exposures for different yearly runs of successful spawners and estimated
embryo losses due to exposures to prior degree days above 20°C for those successful spawners for the Upper
Hells Canyon spawning area (Source: Connor et al. 2018).

Likewise, Connor et al. 2018 identified the Hells Canyon Reach as the second hottest spawning
reach for fall Chinook, and stated, “Daily mean temperature recorded after 01-Sep along the
Lower Hells Canyon spawning area exceeded 20°C 1 time in 2010, 27 times in 2011, 14 times,
in 2012, 23 times in 2013, 17 times in 2014, and 11 times in 2015. Fish entering secondary or
tertiary spawning areas can sometimes be exposed to temperatures above 20°C after tributary
entry within the Lower Snake River watershed (Figure 3 of Connor et al. 2018). For example, in
2013, daily mean temperature exceeded 20°C in the Grande Ronde, Imnaha, and Salmon lower
reaches 17, 16, and 18 times, respectively.” Fall chinook adults must migrate over exceedingly
long distances, with over 500 km traversed by the time they cross Lower Granite Dam (Connor
et al. 2018).

According to Jensen et al. 2006, gametes held during suboptimal migration temperatures (from
Summer Chinook adults held in temperatures comparable to those found during migration in this
section of the Snake River prior to the time of application of the criterion) resulted in a higher
rate of egg mortality. Jensen et. al. 2006 held adult Summer Chinook salmon at 16-19°C
temperature for 21 days two weeks prior to spawning, which resulted in a 10.3% and 8.7%
increase in egg mortality compared to salmon held at cooler temperatures. In addition, the study
estimated significant pre-spawning excess mortality of 49%. Although such quantitative
information is not available for the Snake River Fall Chinook population, such studies provide
evidence that reduced gamete quality due to suboptimal migration temperatures can compromise
eggs to the point of significant loss. Cold water refuge access is exceedingly important to Fall
Chinook during migration (Keefer et al. 2018, Chapter 4), and therefore, minimization of such
impacts to gametes through tools such as preservation of refuges is of paramount importance
given the significant impact such migration and holding temperatures can have on productivity.
There is evidence that a number of potential refuges is located in this stretch of the Snake River,
as mentioned in the Recovery Plan (NOAA 2017) and the 401 certification application (Idaho
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Power, 2018) (see Figure 4.4). However, a review of the refuges, quality, accessibility and
sufficiency to mitigate effects on migrating adults and gametes has not been conducted to date.

For Critical Habitat, the PBFs most relevant to the Agency’s action are water temperatures
sufficient for fall-run Chinook adult migration, adult spawning, embryo incubation, and alevin
development (see Table 3.3), which, as described above, may be likely adversely affected by this
action.

Based upon the USEPA’s review, the Agency’s Action is likely to adversely affect Snake River
fall Chinook and its Critical Habitat.

5.4.5. Southern Resident Killer Whale

5.4.5.1. Presence in the Hells Canyon Reach of the Snake River

As established in Chapter 3, Southern Resident Killer Whale ESU predates upon threatened and
endangered species present in the action area.

5.4.5.2. Timing in the Hells Canyon Reach of the Snake River

As established in Chapter 3, Southern Resident Killer Whale ESU predates upon threatened and
endangered species present in the action area during the time of the SSC application.

5.4.5.3. Direct and indirect effects

Indirect potential adverse effects on SRKW may occur from the Agency’s Action. As discussed
in Chapter 3, SR fall Chinook is one of the top three major prey species for SRKW. Further, as
described above, SR fall Chinook is likely to be directly adversely affected by the Agency’s
Action. The USEPA does not have data and information available to accurately project to what
extent adult fall Chinook production and interception by SRKW in the ocean could be affected
by this action using a population model or other quantification method. However, the Agency
has quantified the potential effects of the Agency’s Action for the freshwater migratory adult and
egg and fry lifestages of SR fall Chinook and found that the Agency’s Action will likely result in
adverse effects on SR fall Chinook.

The Agency is not able to quantify with certainty the impacts to a major SRKW prey, SR-
produced fall Chinook adults present in the ocean, based upon the estimated adverse impacts to
fall Chinook in the freshwater environment. Due to this uncertainty and the likely adverse effects
on the freshwater lifestages of SR fall Chinook identified above, the USEPA is applying a
conservative precautionary principle and concluding that the Agency’s action is likely to
adversely affect Southern Resident Killer Whales. During pre-consultation discussions, NOAA
has indicated to the USEPA that the prey abundance for SRKW may not be significantly
diminished as a result of the Agency’s Action based on the recent status assessment (NOAA,
2016). Absent an analysis of smolt production, which may be provided in NOAA’s Biological
Opinion on this consultation, USEPA does not have the scientific bases to make a conclusion
other than likely to adversely affect Southern Resident Killer Whales.
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5.4.6. SR Bull Trout
5.4.6.1. Presence in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Bull Trout and its critical habitat are present in the Snake
River.

5.4.6.2. Timing in the Hells Canyon Reach of the Snake River

As established in Chapters 3 and 4, Bull Trout are present in the Snake River at this time of year,
with the range in outmigration dates for Bull Trout leaving the Imnaha River to forage
overlapping with the time of the SSC change (Table 3.6).

5.4.6.3. Direct and indirect effects

As described in Chapter 3, adult and subadult bull trout require cold water, with thermal
tolerances lower than other adult salmonids. Adult and subadult bull trout use this portion of the
Snake River as foraging, migration, and overwintering FMO habitat. As described in Chapters 3
and 4, the largest population of adult bull trout in the Action Area migrate downstream from the
Imnaha River to the mainstem Snake River to feed in the fall to winter months (Figure 3.9).
Although typical outmigration patterns from the Imnaha represent a broad distribution, with a
few individuals leaving the Imnaha for the Snake River in late September through the end of the
October, the peak of the distribution is skewed to later November, with mean dates ranging from
mid to late November for the pit-tag tracking data available, 2011-2014. The last receiver for the
pit-tag data is at Rkm 7 of the Imnaha River. During the start of outmigration, Imnaha River
temperatures are below 14C, and below 10°C (both as 7dadm) at the peak time (Figure 4.6). The
75th percentile 7dadm temperature for the Imnaha River from October 23rd to November 6th is
9.6C, whereas the section of the Snake River that the Imnaha enters ranges from 17.5-19.5°C as
the 75th percentile of the range of data collection (range depends on station; Figure 4.4). The
USEPA recommended criterion in its Temperature Guidance (USEPA 2003) to protect bull trout
adult and subadult foraging is 16°C with sufficient access to cold water refuges. Likewise, in its
2015 Opinion on USEPA’s Action on the application of a 16°C criterion to bull trout adult
foraging, migration and overwintering (FMO) habitat, Fish and Wildlife Service found that 16°C
was not likely to adversely affect bull trout or FMO habitat (USFWS 2015). Although meeting
14.5°C as a 7dadm during the time of application would mean improvement to Snake River
temperatures which typically currently exceed 14.5°C as a 7dadm in the Snake River at and
above where the Imnaha enters at this time of year, the change in the criterion may affect bull
trout by delaying outmigration by up to one week compared to outmigration should waters meet
the 13°C criterion, and access to cold water refuges therefore must be adequate to minimize such
effects. However, based upon the available data, the Imnaha River can serve as an adequate cold
water refuge during the early outmigration period. Therefore, any effects are likely to be
insignificant. Likewise, the PBFs for critical habitat that are most relevant to this action are #2
and #5 (Section 3.8.5).

2. Migration habitats with minimal physical, biological, or water quality impediments between

spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but
not limited to permanent, partial, intermittent, or seasonal barriers; and

103



5. Water temperatures ranging from 2 to 15°C (36 to 59°F), with adequate thermal refugia
available for temperatures that exceed the upper end of this range.

For #2 and #5, this action is unlikely to result in significant effects to bull trout critical habitat.
Although some effects are expected, we do not expect these to be significant for the migration
foraging habitat at the time it is in use, and for 2) we have identified sufficient cold water refuge
availability for Imnaha bull trout to minimize the effect of temperatures in excess of 15°C.

Based upon this review, the USEPA finds that its action may affect but is not likely to
adversely affect SR Bull Trout and its critical habitat.

6. CUMULATIVE EFFECTS AND ONGOING ENVIRONMENTAL
EFFECTS, AND UNCERTAINTY

6.1. Cumulative and Ongoing Environmental Effects

6.1.1. Dissolved Oxygen

As described in Chapter 4, “Baseline,” dissolved oxygen levels in the reach are frequently below
the ambient water quality criteria that the states of Idaho and Oregon have put in place to protect
salmonid spawning. For Oregon, there is an 11 mg/L requirement (with 9 mg/L as a minimum
allowed if intergravel dissolved oxygen is at least 8 mg/L) established to protect salmonid
spawning; whereas Idaho has established a minimum of 6.5 mg/L as a SSC for dissolved oxygen
below the Hells Canyon Dam (Figure 4.7 and Figure 4.8). As described in Geist et al. 2006,
inadequate levels of dissolved oxygen, such as those found in the Snake River in October and
early November, can result in reduced thermal tolerances for eggs and fry.

6.1.2. Gravel Quality

As summarized in Connor et al. 2018, gravel quality has a significant impact on the ability of
eggs to incubate properly and mature to produce well-developed fry (Figure 6.1and Figure 6.2).
Likewise, Jensen et al. (2009) found similar relationships between eggs and fry development and
survival linked to gravel quality'>. Due to the poor quality of gravels in a large portion of the
Upper and Lower Hells Canyon Reach, there are potential cumulative adverse impacts for eggs
to fry development and survival in the Action Area.

15 Jensen, David W., Steel, E. Ashley, Fullerton, Aimee H. and Pess, George R.(2009) 'Impact of Fine
Sediment on Egg-To-Fry Survival of Pacific Salmon: A Meta-Analysis of Published Studies', Reviews in Fisheries
Science, 17: 3, 348 — 359, First published on: 01 January 2009
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Figure 20. Frequency distribution of combined dominant (left)
and subdominant (right) substrate types observed at fall Chinook
salmeon redds in the Upper and Lower Hells Canyon spawning
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Transactions of the American Fisheries Society. The font was
modified and color added.

Figure 6.1. Relationship between gravel quality and fall Chinook redd distribution in the Hells Canyon Reach
of the Snake River (Source: Connor et al. 2018)
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Figure 25. Embryo loss (%) predicted (= 95% Cl) for the primary,
secondary, and tertiary fall Chinook salmon spawning areas in
the sub-watersheds that make up the upper stretch of the river
system. The equation was: embryo loss (%) = -52.689 -
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asterisk in panel was 105.1 £+ 27.8%.

Figure 6.2. Embryo loss predicted for the primary (and secondary and tertiary) spawning areas of the Snake
River (purple represents Upper Hells Canyon Reach) (Source: Connor et al. 2018)

6.1.3. Climate Change

Climate change has been and will continue to impact the Action Area and ESUs in a variety of
ways. The impact of increasing criterion above thermal optima for certain lifestages, is to narrow
the distribution of salmonid phenotypes to a narrower range. Decreasing diversity can impact the
ability of salmonids to acclimate quickly and survive times of rapid change from year to year and
season (e.g., [saak et al. 2018; Crozier et al. 2008).

6.1.3.1. Future air and river temperatures and flows and implications

As summarized in Connor et al. 2018 and Keefer et al. 2018, the Snake River basin is projected
to undergo major changes in air temperature, and likewise, Snake River and tributary
temperatures are projected to increase, and flow magnitude and peak flow timing are also
projected to change. From the data available for just below the Hells Canyon Outflow (Figure
5.1),2010-2018 river temperatures are universally higher than those measured 1990-1999 (0.4-
1.5C), which comports well with current trends estimated across large river systems in the
Pacific Northwest (Chapter 4, Isaak et al. 2018), a 0.17°C increase per decade in larger river
summer temperatures from the 1970s to present and 0.2°C per decade for the Columbia River
basin. Future projections to 2080 for summer river temperatures are 1.7-2°C (Isaak et al. 2018
and Yearsley 2009) for the Columbia River and up 1-5°C across the Pacific Northwest (see
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literature compilation), which is comparable to the river temperature future simulations for the
Upper Hells Canyon summarized in Connor et al. 2018 (Figure 6.3). Further Connor et al project
that such high temperatures in the summer to fall timeframe will significantly impact every
lifestage of fall Chinook present in the Snake River, from migration, to successful spawning, to
fry emergence.
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Figure 43. Baseline (1991-2006 average) and adjusted 2080
daily mean temperatures for Upper Hells Canyon (panel A), Lower
Hells Canyon (panel B), Lower Granite Dam (panel C), lce Harbor
Dam (panel D), and McNary Dam (panel E). Refer to the Appendix
to see how temperatures were simulated starting with informa-
tion provided by Hamlet et al. (2010).

Figure 6.3. Baseline and 2080 predicted river temperatures in the Snake River Basin. Panels A and B include
Upper and Lower Hells Canyon Reach temperatures. Dashed line indicates November 1 (Source: Connor et
al. 2018).
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Figure 41. Baseline (1991-2006 average) and adjusted 2080
flows for Upper Hells Canyon from Hells Canyon Dam to the
Imnaha River mouth. Refer to the Appendix to see how flows
were simulated starting with information provided by Hamlet et

al. (2010). The figure style is also attributed to Hamlet et al.
(2010).

Figure 6.4. Baseline and 2080 projected flow changes in the Upper Hells Canyon Reach. Dashed line indicates
November 1. (Adapted from Connor et al. 2018).

Fall Chinook Migration and Spawning Success and Spawning Timing Implications
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Figure 44. Simulated success rates (%) migration from Bonneville
Dam to the Upper Hells Canyon spawning area, from Bonneville
Dam to spawning completion, and from Bonneville Dam to fry
emergence simulated for natural-origin fall Chinook salmon
females under the baseline and 2080 scenarios, where N is the
starting number of adults that arrived at Bonneville Dam and n is
the number of adults that successfully completed each event
given above the bars (except in the case of emergence; see text
for description).

Figure 6.5. Simulations of 2080 conditions show reduced success rates for all aspects of migration, spawning
completion and fry emergence lifestages for fall Chinook. (Source: Connor et al. 2018).

108



mBaseline N= 1,744

p 1.0 m2080 N=1259 1588 1162
o 0.9-
$ 08+
8 0.7
g 0.6
g 04
2o
Sl
g 02

0.0

" 04-Oct 18-Oct 01-Nov 15-Nov 29-Nov 13-Dec
Spawning interval end date

Figure 45. Effective spawn timing distributions simulated for nat-
ural-origin fall Chinook salmon females along the Upper Hells
Canyon spawning area under the baseline and 2080 scenarios,
where N is the total number of fish classified as successful spawn-
ers expressed in adult equivalents (see text), and n is the total
number of adult equivalents in each spawning interval given
above the bars.

Figure 6.6. Simulated 2080 fall Chinook spawning ability and distributions showing overall 28% reduction in
successful spawners and shift in spawning intervals to after November 15 in comparison to current conditions
when the majority occurs prior to November 15 (Source: Connor et al. 2018).

6.1.3.2. Ocean conditions, variability, and implications for species survival and health

Ocean conditions can significantly impact fall Chinook returning adult populations, in terms of
total counts (survival through the FCRPS) and health of adults returning (Crozier et al. 2008).
Starting in 2015, the effects of the “Blob,” a significant heat event corresponding to reduced
upwelling and poor forage for anadromous species while at sea has translated to poor counts for
age 2 fall Chinook adults. Ocean conditions since 2015 have been poor, and indicators in 2019
are for much of the same conditions. Although in the past, ocean conditions cycled roughly with
the Pacific Decadal Oscillation (Crozier et al. 2008), there are indications that such poor ocean
conditions may become more prevalent in the future, but there is uncertainty about how
frequently these events will occur and whether they will be intermittent or constant.

6.2. Downstream Protection

The currently applicable temperature criterion of 13°C that Idaho previously established to
protect fall Chinook spawning only extends to the Salmon River. Likewise, this SSC action does
not extend protection further downstream. However, Idaho waters extend below the Salmon
River, and these waters include the designated use of salmonid spawning in Oregon. The State of
Oregon has established criteria to protect salmonid spawning for this entire reach below the Hells
Canyon Dam, downstream to the Washington and Idaho border. Although the USEPA’s
proposed approval of the 14.5°C criterion would result in a less stringent standard applicable
below the Hells Canyon Dam to the Snake River, as described in Chapter 4, there is substantial
redd emplacement in the Snake River below the Salmon River. These fall Chinook redds are not
currently protected by spawning criteria in Idaho. However, because Oregon currently has
applicable temperature criteria to protect salmonid spawning established for these waters,
pursuant to 40 CFR Section 131.10(b), it is expected that Idaho will implement CWA programs
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to protect downstream uses, including for example, NPDES permits, TMDLs, and 401
certifications.

6.3.  Other State Water Quality Standards that Influence the Effects of This Action
6.4. Hydrosystem Operations: Current and Future

The general effect of hydrosystem operations on stream temperature is that the large thermal
mass created by the water stored in these reservoirs delays the peak summer water temperature to
a later date and maintains temperatures at a higher level later into the fall relative to what would
occur in a natural river condition. Reduced thermal complexity due to hydromodifications and
reduced gravel quality also result from the hydrosystem emplacement. An additional stressor
presented by the hydrosystem is continued prevention of wild fall Chinook, bull trout, and other
species from migration to natal spawning habitat which is now blocked by the emplacement of
the Hells Canyon Complex, which constrains spawning to a narrower area of suboptimal habitat
below the Hells Canyon Dam. In the future, proposed work !¢ that may be conducted in
accordance with the draft 401 certification for the Hells Canyon Complex (once finalized) may
provide for improved water quality and habitat upstream of the Complex, and water quality
downstream, although those improvements will not be realized for several years.

6.5. Hatchery Operations

The threats from hatchery operations to Snake River fall Chinook are summarized as two
primary issues: 1) the high proportion of hatchery fish as juveniles resulting limiting factors of
competition with wild fish for habitat, food, and other resources, 2) high proportion of hatchery-
origin spawners resulting in limiting factors of genetic change, loss of fitness, competition
among spawners for resources, including spawning areas. Particularly factor 2 may cumulatively
interact with the direct and indirect effects of this action by rendering fall Chinook wild
spawning at a competitive disadvantage while undergoing additional stressors. In addition, the
decrease in acclimation capacity that could result from this Action could render fall Chinook at a
disadvantage in competing with hatchery Chinook.

6.6. Uncertainty

As mentioned in Chapter 5, there is a high degree of uncertainty due to the paucity of studies
conducted on fall Chinook spawning and gamete effects in total, and in particular, in a declining (late
fall) thermal regime. The potential adverse effects identified here for fall Chinook are based on five
studies, with three providing some information on thresholds for eggs and fry mortality. However,
none of the studies reflect the impacts to fall Chinook from conditions that would be allowed under
the criterion for adults that migrate the length of the Columbia and Snake Rivers to spawn in the
Upper Hells Canyon Reach. Connor et al. 2018 comes closest to capturing effects of the current
thermal regime, but in its simulation, Connor et al. relies on egg mortality thresholds solely from
Geist et al. 2006, which likely underestimates mortality in eggs and fry due to better than ambient
holding temperatures in the Geist et al. experiments. Therefore, the USEPA considers the reported

16 |daho Power 2018
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mortality threshold rates for fall Chinook eggs and fry to be likely underestimates and has therefore
included upper bound estimates of potential egg mortality here.

Further, cumulative redd counts are based on when surveys are conducted and therefore, it is difficult
to compare cumulative counts from one year to the next. For example, after a count on 10/23, more
redds could be emplaced through10/29, however, they may not be counted until a later survey date,
e.g early November. Likewise, redd counting methods employing drones began in recent years, and
the results have been different than in previous years (Connor et al. 2017), which has made
comparison of later redd counts with earlier redd counts difficult.

It is presumed that the Jensen et al. 2006 study on Summer Chinook translates to potential losses
for fall Chinook. This is effect is underscored by the estimates in Connor et al. 2018. However,
the estimates are based on a thermal regime in each study that is similar to but not equivalent to
that which would be allowable due to the Agency’s Action. Therefore, these estimates are
uncertain.

For SRKW, there is much uncertainty surrounding the conversion of losses of eggs and fry
estimated here, and conversion to SRKW prey (adult fall Chinook) associated with the Hells
Canyon reach of the Snake River. Due to these uncertainties, the USEPA has not quantitatively
translated the loss of eggs and fry to losses of adult fall Chinook prey for SRKW.

Lastly, particularly for Bull trout, Steelhead, and adult fall Chinook, refuge availability is of
critical importance. Although refuges have been identified, their sufficiency has not been
quantified, and further work to quantify, protect and restore adequate refuges is important for the
future preservation of these species.
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7. CONCLUSIONS/SUMMARY

Table 7.1. Summary of Effects Determinations for USEPA’s Proposed Approval of Idaho’s SSC for the Snake
River Below Hells Canyon Dam to the Confluence with the Salmon River

Species ESU Status Critical Habitat |Agency USEPA USEPA
with Determination|Determination
Purview for Species for Critical
Habitat

Bull trout Columbia River |Threatened Designated USFWS NLAA NLAA
(Salvelinus DPS 75 FR 63973
confluentus) (10/18/10)
Steelhead Snake River Threatened Designated NMFS NLAA NLAA
(Oncorhynchus Basin 71FR 834
mykiss) (01/05/06)
Chinook salmon  [Snake River Threatened Designated NMFS NLAA NLAA
(O. tshawytscha) |Spring/ 70 FR 37160

Summer (06/28/05)

Chinook

salmon
Chinook salmon  [Snake River Threatened Designated NMFS LAA LAA
(O. tshawytscha) |Fall-Run 70 FR 37160

Chinook (06/28/05)

Salmon
Sockeye salmon  |Snake River Endangered Designated NMFS NLAA NLAA
(0. nerka) Sockeye 70 FR 37160

Salmon (06/28/05)
Killer Whale Southern Endangered Designated* NMFS LAA NLAA
(Orcinus orca) Resident DPS |70 FR 69903

(11/18/05)

*Designated critical habitat does not include the action area.

8. ESSENTIAL FISH HABITAT

In this section, Essential Fish Habitat (EFH) is assessed for potential adverse impacts from the
USEPA’s proposed approval of the revised Idaho water quality standard for temperature for the
Snake River below the Hells Canyon Dam to its confluence with the Salmon River.

8.1.

Background

The Magnuson-Stevens Fishery Conservation and Management Act (MSA), as amended by the
Sustainable Fisheries Act of 1996 (Public Law 104-267), requires federal agencies to consult
with NOAA Fisheries on activities that may adversely affect EFH. According to the Magnuson-
Stevens Fishery Conservation and Management Act (MSA§3), EFH means those waters and
substrate necessary to fish for spawning, breeding, feeding, or growth and maturity. For the
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purpose of interpreting this definition of EFH: “waters” include aquatic areas and their
associated physical, chemical, and biological properties that are used by fish; “substrate”
includes sediment, hard bottom , structures underlying the waters, and associated biological
communities; “necessary’” means the habitat required to support a sustainable fishery and the
managed species’ contribution to a healthy ecosystem; and “spawning, breeding, feeding, and
growth to maturity” covers a species’ full life cycle (50 CFR 600.01). “Adverse effect” means
any impact which reduces quality and/or quantity of EFH, and may include direct (e.g. physical
disruption), indirect (e.g. loss of prey), site-specific or habitat-wide impacts, including
individual, cumulative, or synergistic consequences of actions (50 CFR 600.810).

Pursuant to the MSA, the Pacific Fisheries Management Council (PFMC) has designated EFH
for three species of federally-managed Pacific salmon: Chinook (Oncorhynchus tshawytscha);
coho (O. kisutch); and Puget Sound pink salmon (O. gorbuscha) (PFMC 2000). Freshwater EFH
for Pacific salmon includes all those streams, lakes, ponds, wetlands, and other water bodies
currently, or historically accessible to salmon in Washington, Oregon, Idaho, and California,
except areas upstream of certain impassable man-made barriers (as identified by PFMC 2000),
and longstanding, naturally-impassable barriers (i.e. natural waterfalls in existence for several
hundred years).

The objective of this EFH assessment is to determine if the proposed action may “adversely
affect” designated EFH for relevant commercially or federally managed fisheries species within
the proposed action area. It also describes conservation measures proposed to avoid, minimize or
otherwise offset potential adverse effects to designated EFH resulting from the proposed action.

USEPA reviewed the NMFS information and (www.fisheries.noaa.gov/resource/map/essential-
fish-habitat-mapper) to determine if the Action Area for this BE overlaps with EFH. In this case
this overlap would be restricted to the EFH species that use freshwater habitats—Chinook, Pink
salmon, and Coho salmon, since the this proposed modification to the water temperature in the
Hells Canyon is not relevant to the Puget Sound (or other marine waters). The USEPA made the
following conclusions:

--Pink Salmon. The Hells Canyon Reach of the Snake River is not within the distribution of O.
gorbusha.

--Chinook salmon. The Hells Canyon Reach has been designated as EFH for Chinook. As
described in Sections and of the BE, Chinook salmon are present and use the Action Area as a
migration corridor, spawning habitat, rearing, and smolt out-migrate. Other waters in the vicinity
are also designated including, the Lower Snake-Asotin, Salmon River, and Clearwater River
basins.

--Coho salmon. The Hells Canyon Reach of the Snake River is not within the distribution of
coho salmon.

8.2.  Description of the Project/Proposed Activity

The activity under consideration for this EFH assessment is identical to the description contained
in the Biological Evaluation (BE) for this permit, located in Sections 1 and of this document.
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Water quality is an important component of EFH. The potential effects of this action on EFH
within the Action Area are the same as those described for fish species of concern in Sections 5
and . A summary of the determinations made for ESA listed species is found in Section . The
USEPA has performed an assessment of how this action will affect the water temperature that
Snake River Chinook could potentially be exposed to in the Hells Canyon Reach of the Snake
River. A summary of the determinations made for ESA-listed species is found in the BE. Surface
water criteria described in the permit provide restrictions to prevent harm to life stages of
threatened and endangered species in the action area. However, using the information presented
in the BE, the USEPA has determined that approval of this site-specific water quality criteria is
likely to adversely affect Snake River Chinook salmon and their critical habitat. Therefore, this
action is likely to adversely affect Chinook salmon EFH in this area.

8.3. EFH Conservation Measures and Conclusion

The USEPA concludes that the proposed action is likely to adversely affect EFH for Chinook
salmon but will not affect EFH for coho or Puget Sound pink salmon.
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10. APPENDICES

10.1. Appendix A. Memo from Peter Leinenbach, USEPA, describing data analysis for
Snake River Water Temperature.

Methods — Snake River water temperature data was obtained from Idaho Power on January 4,
2018. Maximum weekly (7-day average) maximum temperatures (MWMT) were calculated
from this data. Two data checks were implemented on this water temperature data: 1) The data
was checked for “missing” data, with only MWMT estimates calculated with at least 4 days of
data included in the analysis; 2) In addition, sampling data was removed from the analysis if
more than 4 days of data were missing during the first week of the assessment period. The
second check was done because water temperatures was almost always warmest during the initial
part of the assessment period. Results of this analysis are presented in Tables 1 and 3.

Imnaha River, Salmon River and Clearwater River water temperatures were obtained from USFS
NorWeST database (www.fs.fed.us/rm/boise/ AW AE/projects/NorWeST.html#). Sampling
locations used in this tributary analysis were the most downstream sampling location with water
temperature data during the analysis period. Similar data checks were done to these datasets.
The estimated Snake River RM (River Mile) associated with these tributary confluences was
estimated from the NHDPIlusV1 stream database (www.horizon-
systems.com/NHDPIus/NHDPlusV1_home.php). Results of this analysis are presented in Tables
2 and 4.
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Table 1. Observed Snake River Maximum Weekly (7-Day Average) Maximum Water
Temperatures (MWMT) for October 15 through November 14t (*C)17

RM 115.8 RM 1159RB RM131.3LB  RM131.41LB RM 156.6

Year RB Logger Logger Logger Logger RB Logger
1991 -- -- -- -- 18.4
1992 -- -- -- -- 17.8
1993 -- -- -- -- 17.7
1994 -- -- -- -- 17.5
1995 -- -- -- -- 16.8
1996 -- -- -- -- 17.5
1997 -- -- -- -- 16.2
1998 -- -- -- -- 17.5
1999 -- -- -- -- 16.7
2000 -- -- -- -- 16.2
2001 -- -- -- -- 18.8
2002 -- -- -- -- 17.1
2003 -- -- -- -- 19.5
2004 -- -- -- -- 18.1
2005 -- -- -- -- 16.7
2006 -- -- -- -- 18.0
2007 -- -- -- -- 16.1
2008 -- -- -- -- 18.3
2009 -- -- -- -- 17.2
2010 -- -- -- -- 16.8
2011 -- -- -- -- 19.2
2012 18.0 17.9 17.6 16.9 17.8
2013 15.7 15.6 14.9 14.5 15.5
2014 18.4 17.0 17.3 -- 18.3
2015 18.0 17.7 17.8 -- --
2016 18.1 17.0 -- -- --
2017 17.3 17.2 -- -- 17.0
2018 -- -- -- -- --
Average 17.6 17.1 16.9 15.7 17.5
25th Percentile | 17.5 17.0 16.7 15.1 16.8
75th Percentile | 18.0 17.6 17.6 16.3 18.1

17 sampling locations are identified by river miles (RM), which corresponds with USGS quad map river mile
designations and were provided by Idaho Power. The specific sample locations are further defined by channel
cross section locations (i.e., RB, RC, LC, PS1), which corresponds with the instrument attached on Right Bank, Right
half of the river channel, Left half of the river channel, Left Bank, and the Penstock of the Snake River Dam,
respectively. The file name also indicate the type of instrument used to collect the data (i.e., Logger, Sonde, Gage),
and sample site replicates are indicated by “1” in the this instrument name (i.e., RM 156.6 RB Logger1).
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Count

25
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Table 1 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 15t through November 14t (*C)

Year RM 156.6 RM 165.7 RB = RM 165.75 RM 169.7RB  RM 180.3

RB Loggerl Logger RC Sonde Logger RB Logger

1991 -- 18.4 -- 18.4 --

1992 -- -- 17.9 --

1993 -- 17.9 -- 16.1 17.7
1994 -- 17.9 -- 17.9 17.4
1995 -- 16.8 -- 16.9 17.3
1996 -- 17.4 -- 144 17.2
1997 -- 17.6 -- -- 18.0
1998 -- 17.0 -- -- 17.3
1999 -- 16.8 -- -- 16.8
2000 -- 16.7 16.7 16.8 16.7
2001 -- 18.9 -- 19.1 18.8
2002 -- 17.0 -- 17.1 --

2003 19.4 19.5 -- 19.4 19.2
2004 18.0 17.9 -- 17.9 18.0
2005 16.7 16.7 -- 16.9 16.9
2006 18.1 18.0 -- 18.2 18.0
2007 16.2 16.0 -- 16.3 16.3
2008 18.4 18.2 -- 18.3 18.3
2009 17.2 17.3 -- -- 17.8
2010 -- 19.0 -- -- 18.8
2011 19.2 19.2 -- 19.3 19.3
2012 -- 17.9 -- 18.0 18.1
2013 -- 15.5 -- 15.8 15.8
2014 -- 18.3 -- 18.3 18.2
2015 -- 18.8 -- 18.8 18.9
2016 -- 18.0 -- 18.0 18.1
2017 -- 17.1 -- 17.1 17.2
2018 -- -- -- -- --

Average 17.9 17.7 16.7 17.6 17.8
25th Percentile | 17.1 17.0 16.7 16.9 17.2
75th Percentile | 18.6 18.3 16.7 18.3 18.2
Count 8 26 1 22 24
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Table 1 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 15t through November 14t (*C)

Vear RM 180.3 RM 189.0LB RM 189.4LC | RM 189.7RB RM 192.3
RB Loggerl Logger Sonde Logger RB Logger

1991 -- 19.2 -- 18.3 19.2
1992 -- 18.7 -- 17.9 18.6
1993 -- 18.2 -- -- 18.2
1994 -- 18.9 -- -- --
1995 -- 18.4 -- -- 18.1
1996 -- -- -- -- 17.4
1997 -- 18.3 -- -- --
1998 -- 19.7 -- -- --
1999 -- -- -- -- 18.2
2000 -- -- 17.6 -- 17.8
2001 -- 19.5 -- -- 19.5
2002 -- 18.1 -- -- 18.2
2003 19.3 19.8 -- -- 19.8
2004 17.9 19.1 -- -- 19.4
2005 16.9 18.0 -- -- 18.1
2006 18.0 18.8 -- -- 18.9
2007 16.3 17.8 -- -- 18.0
2008 18.3 19.1 -- -- 19.3
2009 17.8 19.0 -- -- 19.2
2010 18.9 19.4 -- -- 19.4
2011 19.4 20.0 -- -- 20.0
2012 19.1 -- -- 19.1
2013 15.9 18.7 -- -- --
2014 19.7 -- -- --
2015 19.7 -- -- --
2016 18.1 18.7 -- -- --
2017 17.2 18.5 -- -- --
2018 -- -- -- -- --
Average 17.8 18.9 17.6 18.1 18.8
25th Percentile | 17.2 18.4 17.6 18.0 18.2
75th Percentile | 18.4 19.4 17.6 18.2 19.3
Count 12 24 1 2 19

136



Table 1 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 15t through November 14t (*C)

Vear RM 202.3 RM 202.3LB RM216.3LB | RM227.5LC RM 229.7
LB Logger Loggerl Logger Sonde LB Gage

1991 19.3 -- 19.4 -- --
1992 18.8 -- 18.8 -- --
1993 18.2 -- 18.1 -- --
1994 18.9 -- 19.1 -- --
1995 18.8 -- 18.8 -- --
1996 18.2 -- 18.2 -- --
1997 18.7 -- -- -- --
1998 -- 19.8 -- -- --
1999 -- 19.2 -- 18.4 --
2000 17.9 -- 17.8 17.8 --
2001 19.6 -- 19.7 -- --
2002 18.2 -- 18.2 -- --
2003 19.7 18.3 -- -- --
2004 19.3 18.9 19.4 -- --
2005 18.4 18.0 18.3 -- --
2006 18.8 19.3 18.9 -- --
2007 18.0 19.3 18.2 -- --
2008 19.4 19.4 19.3 -- --
2009 19.3 20.0 194 -- --
2010 19.5 18.8 19.5 -- --
2011 20.0 18.4 19.9 -- --
2012 19.2 -- 19.4 -- --
2013 19.0 -- 19.2 -- --
2014 19.7 -- 19.8 -- 20.2
2015 19.6 -- 19.8 -- 20.5
2016 18.8 18.8 18.9 -- 19.4
2017 18.4 18.4 18.4 -- 18.1
2018 -- -- -- -- --
Average 18.9 19.0 19.0 18.1 19.6
25th Percentile | 18.4 18.4 18.3 17.9 19.1
75th Percentile | 19.4 19.3 19.4 18.2 20.3
Count 25 13 23 2 4
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Table 1 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 15t through November 14t (*C)

Year RM 229.8 RM 229.8LB RM2385LC RM2386RB RM241.3
LB Logger Loggerl Sonde Logger RC Sonde
1991 19.5 -- -- 19.5 --
1992 18.8 -- -- 18.7 --
1993 18.0 -- -- -- --
1994 18.8 -- -- 19.2 --
1995 18.7 -- -- 19.3 --
1996 18.1 -- -- -- --
1997 17.3 -- -- -- --
1998 18.7 -- -- -- --
1999 -- -- -- -- --
2000 17.9 -- 17.8 17.6
2001 19.9 -- -- -- --
2002 18.3 -- -- -- --
2003 19.7 - - - - - - - -
2004 19.4 - - - - - - - -
2005 18.3 -- -- -- --
2006 19.0 -- -- -- --
2007 18.4 -- -- -- --
2008 19.3 19.2 -- -- --
2009 19.5 19.5 -- -- --
2010 19.5 19.4 -- -- --
2011 19.9 19.9 - - - - - -
2012 19.5 -- -- -- --
2013 19.2 -- -- -- --
2014 20.0 -- -- -- --
2015 19.8 -- -- -- --
2016 -- -- -- -- --
2017 18.3 18.4 -- -- --
2018 18.9 18.9 -- -- --
Average 18.9 19.2 17.8 19.2 17.6
25th Percentile | 18.3 19.0 17.8 19.1 17.6
75th Percentile | 19.5 19.5 17.8 19.3 17.6
Count 26 6 1 4 1
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Table 1 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 15t through November 14t (*C)

Year RM 244.3 LB Sonde RM 247.6 LC Sonde RM 247.6 Penstock
1991 -- -- 19.7
1992 -- 18.9 --
1993 -- -- 17.8
1994 -- -- 19.6
1995 -- -- 19.2
1996 -- -- 18.2
1997 -- -- 18.8
1998 -- -- 19.6
1999 -- -- 18.3
2000 -- -- 18.0
2001 -- -- --
2002 -- -- 18.4
2003 -- -- 19.5
2004 -- -- 19.2
2005 -- -- 18.4
2006 -- -- 18.7
2007 -- -- 18.4
2008 19.0 -- 19.3
2009 19.9 -- 19.6
2010 -- -- 19.4
2011 -- -- 19.8
2012 -- -- 19.7
2013 -- -- 19.5
2014 -- -- 19.9
2015 -- -- 19.9
2016 -- -- 19.1
2017 -- -- 18.3
2018 -- -- 19.2
Average 19.5 18.9 19.1
25th Percentile | 19.3 18.9 18.4
75th Percentile | 19.7 18.9 19.6
Count 2 1 26
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Table 2. Observed Clearwater River and Salmon River Maximum Weekly (7-Day Average)
Maximum Water Temperatures (MWMT) for October 15t through November 14t (*C)8

Clearwater River at

Salmon River at

Imanaha River at Mouth

Year Mouth Mouth
(Perma_FID 10692) (Perma_FID 11094) (rerma_FID7641and 11811)

1991 -- -- 14.1
1992 -- -- 145
1993 -- -- --
1994 13.9 -- --
1995 12.6 -- --
1996 15.6 -- --
1997 13.1 -- --
1998 13.4 -- --
1999 12.4 -- --
2000 12.0 -- --
2001 13.0 -- --
2002 12.9 -- --
2003 14.1 - - - -
2004 13.4 15.2 16.1
2005 11.6 13.1 145
2006 13.9 14.8 15.6
2007 12.2 11.9 13.9
2008 14.5 15.0 15.9
2009 12.0 12.7 --
2010 154 16.7 - -
2011 14.1 -- --
2012 -- -- --
2013 -- -- --
2014 -- -- --
2015 -- -- --
2016 -- -- --
2017 -- -- --
2018 -- -- --
Average 13.3 14.2 15.1
25th Percentile | 12.5 12.9 14.5
75th Percentile | 14.0 15.1 15.9
Count 18 7 6

18 Water temperature data was obtained from the United States Forest Service NorWeST database
(www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html#). Sampling locations are the most downstream location

with water temperature data during the analysis period, and the unique identifier in the NorWeST database
associated with these sites is the Perma_FID value.
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Table 3. Observed Snake River Maximum Weekly (7-Day Average) Maximum Water
Temperatures (MWMT) for October 23™ through November 6t (*C)*°

RM 115.8 RM 1159RB RM131.3LB  RM131.41LB RM 156.6

Year RB Logger Logger Logger Logger RB Logger
1991 -- -- -- -- 134
1992 -- -- -- -- --
1993 -- -- -- -- --
1994 -- -- -- -- 13.6
1995 -- -- -- -- 11.6
1996 -- -- -- -- 11.5
1997 -- -- -- -- 11.3
1998 -- -- -- -- 12.1
1999 -- -- -- -- 12.6
2000 -- -- -- -- 12.0
2001 -- -- -- -- 13.1
2002 -- -- -- -- 12.2
2003 -- -- -- -- 14.6
2004 -- -- -- -- 13.0
2005 -- -- -- -- 14.1
2006 -- -- -- -- 125
2007 -- -- -- -- --
2008 -- -- -- -- 12.4
2009 -- -- -- -- 12.3
2010 -- -- -- -- 134
2011 -- -- -- -- 134
2012 12.7 12.7 11.6 11.5 12.3
2013 12.1 12.1 11.9 11.8 12.4
2014 14.4 13.9 -- 14.4
2015 15.6 15.6 15.5 -- --
2016 12.8 12.6 -- -- --
2017 11.9 11.8 -- -- 11.9
2018 -- -- -- -- --
Average 13.3 12.9 13.2 11.7 12.7
25th Percentile | 12.2 12.1 11.9 11.6 12.1
75th Percentile | 14.0 12.7 14.3 11.7 13.4

1% sampling locations are identified by river miles (RM), which corresponds with USGS quad map river mile
designations and were provided by Idaho Power. The specific sample locations are further defined by channel
cross section locations (i.e., RB, RC, LC, PS1), which corresponds with the instrument attached on Right Bank, Right
half of the river channel, Left half of the river channel, Left Bank, and the Penstock of the Snake River Dam,
respectively. The file name also indicate the type of instrument used to collect the data (i.e., Logger, Sonde, Gage),
and sample site replicates are indicated by “1” in the this instrument name (i.e., RM 156.6 RB Logger1).
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Count

22
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Table 3 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 23" through November 6™ (*C)

Year RM 156.6 RM 165.7 RB = RM 165.75 RM 169.7RB  RM 180.3

RB Loggerl Logger RC Sonde Logger RB Logger

1991 -- 133 -- 13.5 --

1992 -- -- -- 14.3 --

1993 -- 12.9 -- 12.8 13.0
1994 -- 13.8 -- 13.9 13.9
1995 -- 115 -- 11.7 12.0
1996 -- 11.3 -- 11.9 11.8
1997 -- 11.2 -- -- 11.6
1998 -- 12.0 -- -- 12.2
1999 -- 12.7 -- -- --

2000 -- 12.3 12.4 12.6 12.7
2001 -- 13.2 -- 13.5 135
2002 -- 12.3 -- 12.5 --

2003 14.6 14.7 -- 14.8 14.8
2004 12.9 13.0 -- 13.2 13.4
2005 14.0 14.0 -- 14.1 14.1
2006 12.6 125 -- 12.8 12.7
2007 -- 12.0 -- 12.1 12.2
2008 12.4 125 -- 12.6 12.6
2009 12.3 12.3 -- -- 12.6
2010 13.3 134 -- 0.0 13.6
2011 13.4 13.4 -- 13.6 13.6
2012 -- 12.3 -- 12.5 125
2013 -- 12.3 -- 12.4 12.4
2014 -- 14.3 -- 144 14.4
2015 -- 15.5 -- 15.7 15.8
2016 -- 13.7 -- 13.8 13.9
2017 -- 11.9 -- 11.9 12.0
2018 -- -- -- -- --

Average 13.2 12.9 12.4 12.6 13.1
25th Percentile | 12.5 12.3 12.4 12.4 12.3
75th Percentile | 13.6 13.4 12.4 13.8 13.8
Count 8 26 1 23 23
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Table 3 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 23" through November 6™ (*C)

Vear RM 180.3 RM 189.0LB RM 189.4LC | RM 189.7RB RM 192.3
RB Loggerl Logger Sonde Logger RB Logger

1991 -- 15.2 -- 13.6 15.4
1992 -- 15.6 -- 14.3 15.6
1993 -- 14.7 -- -- 14.8
1994 -- 15.1 -- -- 15.1
1995 -- 14.0 -- -- 13.4
1996 -- 14.2 -- -- --
1997 -- 12.8 -- -- --
1998 -- 14.3 -- -- 14.3
1999 -- -- -- -- --
2000 -- -- 14.6 -- 14.7
2001 -- 15.3 -- -- 15.4
2002 -- 14.4 -- -- 14.5
2003 14.9 16.4 -- -- 16.5
2004 133 15.5 -- -- 15.8
2005 14.1 15.4 -- -- 15.6
2006 12.7 14.7 -- -- 15.0
2007 12.2 14.4 -- -- 14.6
2008 12.7 14.6 -- -- 14.8
2009 12.6 14.2 -- -- 14.4
2010 13.6 15.9 -- -- 16.0
2011 13.6 15.0 -- -- 15.0
2012 -- 14.9 -- -- 15.0
2013 12.4 14.8 -- -- --
2014 -- 16.5 -- -- --
2015 -- 17.4 -- -- --
2016 13.9 15.8 -- -- --
2017 12.1 14.4 -- -- --
2018 -- -- -- -- --
Average 13.2 15.0 14.6 14.0 15.0
25th Percentile | 12.6 14.4 14.6 13.8 14.7
75th Percentile | 13.7 15.5 14.6 14.1 15.5
Count 12 25 1 2 19
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Table 3 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 23" through November 6™ (*C)

Vear RM 202.3 RM 202.3LB RM216.3LB | RM227.5LC RM 229.7
LB Logger Loggerl Logger Sonde LB Gage

1991 15.5 -- 15.6 -- --
1992 15.7 -- 15.8 -- --
1993 14.8 -- 14.9 -- --
1994 15.2 -- 15.4 -- --
1995 14.1 -- 14.1 -- --
1996 14.5 -- 14.6 -- --
1997 13.3 -- 12.2 -- --
1998 10.6 -- 13.0 -- --
1999 -- -- -- -- --
2000 14.8 -- 14.8 14.9 --
2001 15.6 -- 15.6 -- --
2002 14.6 -- 14.7 -- --
2003 16.6 16.5 -- --
2004 15.9 -- 16.0 -- --
2005 -- -- 15.7 -- --
2006 14.9 15.0 15.1 -- --
2007 14.5 14.4 14.5 -- --
2008 14.8 -- 14.9 -- --
2009 14.4 14.3 14.5 -- --
2010 16.1 16.1 16.2 -- --
2011 15.1 15.1 15.1 -- --
2012 15.1 -- 15.2 -- --
2013 14.8 -- 15.1 -- --
2014 16.7 -- 16.8 -- 17.0
2015 17.4 -- 17.6 -- 18.6
2016 15.8 15.8 15.8 -- 16.1
2017 14.4 14.4 144 -- 14.2
2018 -- -- -- -- 14.0
Average 15.0 15.2 15.1 14.9 16.0
25th Percentile | 14.5 14.4 14.6 14.9 14.2
75th Percentile | 15.7 15.9 15.7 14.9 17.0
Count 25 8 25 1 5

146



Table 3 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 23" through November 6™ (*C)

Year RM 229.8 RM 229.8LB RM2385LC RM2386RB RM241.3
LB Logger Loggerl Sonde Logger RC Sonde
1991 15.8 -- -- 15.8 --
1992 16.0 -- -- 15.9 --
1993 14.9 -- -- 14.9 --
1994 15.3 -- -- 15.5 --
1995 14.0 -- -- -- --
1996 14.7 - - - - - - - -
1997 13.4 -- -- -- --
1998 14.2 - - - - - - - -
1999 -- -- -- -- --
2000 14.8 -- 14.9 14.3
2001 15.8 -- -- -- --
2002 14.9 - - - - - - - -
2003 16.9 - - - - - - - -
2004 16.1 - - - - - - - -
2005 15.8 -- -- -- --
2006 15.3 -- -- -- --
2007 14.7 -- -- -- --
2008 15.0 -- -- -- --
2009 14.5 14.5 -- -- --
2010 16.3 -- -- -- --
2011 15.1 15.2 -- -- --
2012 15.3 -- -- -- --
2013 15.1 -- -- -- --
2014 16.8 -- -- -- --
2015 17.7 - - - - - - - -
2016 -- -- -- --
2017 14.4 14.5 -- -- --
2018 15.5 15.6 -- -- --
Average 15.3 14.9 14.9 15.5 14.3
25th Percentile | 14.7 14.5 14.9 15.4 14.3
75th Percentile | 15.8 15.3 14.9 15.8 14.3
Count 26 4 1 4 1
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Table 3 (Continued). Observed Snake River Maximum Weekly (7-Day Average) Maximum
Water Temperatures (MWMT) for October 23" through November 6™ (*C)

Year RM 242.8 LB RM 244.3 LB RM 247.6 LC RM 247.6
Sonde Sonde Sonde Penstock

1991 -- -- -- 16.4
1992 -- -- 15.8 --
1993 -- -- -- 15.7
1994 -- -- -- 15.5
1995 -- -- -- 14.6
1996 -- -- -- 14.8
1997 -- -- -- 13.3
1998 -- -- -- 14.0
1999 -- -- -- 14.5
2000 16.9 -- -- 15.0
2001 -- -- -- --
2002 -- -- -- 15.3
2003 -- -- -- 16.8
2004 -- -- -- 16.3
2005 -- -- -- 15.7
2006 -- -- -- 15.3
2007 -- -- -- 14.5
2008 -- 17.6 -- 14.9
2009 -- 14.5 -- 14.6
2010 -- -- -- 16.8
2011 -- -- -- 15.4
2012 -- -- -- 15.8
2013 -- -- -- 15.3
2014 -- -- -- 17.2
2015 -- -- -- 17.9
2016 -- -- -- 15.0
2017 -- -- -- 14.4
2018 -- -- -- 15.5
Average 16.9 16.0 15.8 154
25th Percentile | 16.9 15.3 15.8 14.7
75th Percentile | 16.9 16.8 15.8 15.8
Count 1 2 1 26
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Table 4. Observed Clearwater River and Salmon River Maximum Weekly (7-Day Average)
Maximum Water Temperatures (MWMT) for October 23" through November 6t (*C)2°

Clearwater River at

Salmon River at

Imanaha River at Mouth

Year Mouth Mouth

(Perma_FID 10692) (Perma_FID 11094) (rerma_FID7641and 11811)
1991 -- -- 10.7
1992 -- -- 10.3
1993 -- -- --
1994 10.5 -- --
1995 8.4 -- --
1996 9.9 -- --
1997 9.4 -- --
1998 10.2 - - --
1999 9.6 -- --
2000 8.7 -- --
2001 10.3 -- --
2002 9.5 -- --
2003 10.1 - - --
2004 8.9 -- 8.7
2005 10.2 10.8 10.9
2006 9.1 8.6 10.9
2007 9.6 8.9 10.6
2008 8.9 8.4 10.0
2009 9.5 9.6 --
2010 9.7 -- --
2011 10.3 -- --
2012 -- -- --
2013 -- -- --
2014 - - -- --
2015 -- -- --
2016 - - -- --
2017 -- -- --
2018 -- -- --
Average 9.6 9.3 10.2
25th Percentile | 9.1 8.6 10.1
75th Percentile | 10.2 9.6 10.8
Count 18 5 6

20 Water temperature data was obtained from the United States Forest Service NorWeST database
(www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html#). Sampling locations are the most downstream location

with water temperature data during the analysis period, and the unique identifier in the NorWeST database
associated with these sites is the Perma_FID value.
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10.2. Appendix B. Memo from Peter Leinenbach, USEPA, describing data analysis for
Snake River water temperature interannual variability and decline in temperatures.

Water temperature data was obtained from Idaho Power. Temperature data collected at River
Mile 229.8 was used in the analysis (Lat - 45.462162, Long -116.556731). Figure 1 illustrates
the Daily Maximum temperatures observed during from September 1% through October 22nd
during the 1991 through 2008 period. The data indicates that daily maximum temperatures have
generally trended higher over time at this site. Table 1 presents the calculated average daily
maximum Snake River temperatures during the fall period observed at the River Mile 229.8
monitoring station during this decade. The average daily temperature reduction at this site for
both the October 9" through October 22" and the October 9" through November 6™ periods was
0.2*C.

Figure 1. Daily Maximum Water Temperatures in the Snake River from 1991 through 2018.
25
24
23
22
21
20
19
18

17

Daily Maximum Temperature (*C) at River Mile 229.8

16

15 X
9/1 9/4 9/7 9/10 9/13 9/16 9/19 9/22 9/25 9/28 10/1 10/4 10/7 10/10 10/13 10/16 10/19 10/22
— 1991 — 1992 1993 —1994 1995
— 1996 — 1997 — 1998 —— 2000 —— 2001
2002 —— 2003 2004 2005 — 2006
— 2007 —— 2008 —— 2009 —— 2010 —— 2011
2012 2013 —2014 — 2015 — 2017
—2018 e \verage (1991-1999) e \verage (2000-2009) amm/\verage (2010-2018)

150



Table 1. Calculated Average Daily Maximum Snake River Temperatures During the Fall
Period Observed at the River Mile 229.8 Monitoring Station During this Decade

Assessment Period

September 1st through October 22nd = October 9th through October 22nd

2010 19.5 17.9
2011 20.4 17.4
2012 20.1 17.5
2013 20.4 16.7
2014 20.6 18.6
2015 20.5 19.0
2016 No Data No Data
2017 Incomplete Data 15.9
2018 19.8 16.7

10.3. Appendix C: Imnaha Bull Trout Qutmigration Times and Imnaha River
Temperatures, Memorandum from P. Leinenbach, 2019.

Hourly Imnaha River water temperature data, along with daily Bull Trout downstream migration
counts at the most downstream site within the Imnaha River (IR#1), was obtained from Idaho
Power. The total number of new daily Bull Trout downstream migration counts and calculated
Maximum Weekly (7-Day Average) Maximum Water Temperature (MWMT) statistics for the
fall period in 2012 through 2014 are presented in Figure 1.
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Figure 1. The total number of new daily Bull Trout downstream migration counts out of the
Imnaha River and calculated Maximum Weekly (7-Day Average) Maximum Water Temperature
(MWMT) statistics in the Imnaha River for the fall period of 2012 through 2014.

20

Station IR #1 - Counts 2012
18 ® Station IR #1 - Counts 2013

@ Station IR #1 - Counts 2014
16

(%)
kit
-
s
2 MWMT 2012
T
S —— MWMT 2013
i
= 14 ——MWMT 2014
-
s
= 12
(o]
s
v
®
w 10
-
c
3
8
c 8
0
Lo
5
= 6
2
-
3
- 4
=3
=]
=
S 2 e o o or o °® ) ®
[+1]
® O 0000 G0N0 0 OO O OO0 T O G0 G0N O OO o o

0 ©008008000:08100 96700 G000 0000000 000 76 1006 00 000 600 O 60 G0000000000000000:000°
10/1 10/8 10/15 10/22 10/29 11/5 11/12 11/19 11/26 12/3 12/10 12/17 12/24

Date

152



Methods — Fall period (i.e., post October 1) MWMT statistics were estimated for the Imnaha
River from hourly temperature data provided to EPA from Idaho Power (Figure 2). Please note
that temperature data was not available for the entire 2011, and part of fall period of 2013.

Figure 2. Calculated MWMT Statistics for the Imnaha River.
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The total number of new daily Bull Trout migration counts were plotted for the Imnaha River for
the 2010 through 2015 period (Figure 3). There are two distinct elevated count periods — spring
and fall. The spring period represents migration upstream into the Imnaha River and the fall
period represents migration downstream out of the Imnaha River. Please note that there is a full
season of spawning data for 2011 (i.e., purple dots in Figure 3), however there was no
temperature data collected during this period. In addition, please note that Bull Trout
downstream migration data (i.e., Fall Data) was only collected for a brief period in 2010 and not
at all in 2015. Accordingly, a comparison between the MWMT statistic (see Figure 2) and
migration counts (see Figure 3) were implemented for the fall period when both datasets were
available (e.g., 2012, 2013, and 2014) (see Figure 1).

Figure 3. The total number of new daily Bull Trout migration counts in the Imnaha River (Site
IR#1) for the 2010 through 2015 period.
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10.4. Appendix D: Hanford Reach Columbia River Temperature and fall-run Chinook
Spawning Patterns Memorandum from Ritchie Graves transmitted to Dan Opalski,
2019

[see attached pdf]

10.5. Appendix E: Research, Monitoring, and Evaluation of Emerging Issues and
Measures to Recover the Snake River Fall Chinook Salmon ESU (Connor et al.
2017)

[attached as pdf]
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!«“‘"" UNITED STATES DEPARTMENT OF COMMERCE
%‘ National Oceanic and Atmospheric Administration

‘ . NATIONAL MARINE FISHERIES SERVICE

%, j’ Waest Coast Region
Prares o 1201 NE Lloyd Boulevard, Suite 1100

PORTLAND, OREGON 87232-1274

February 8, 2019

Dan Opalski, Director

Office of Water and Watersheds
US EPA, Region 10

1200 Sixth Avenue, Suite 155
Seattle, WA 98101

Re: Hanford Reach Fall Chinook Spawning Counts and Associated Temperature Data

Dear Dan Opalski,

The Environmental Protection Agency (EPA) is considering an increase to the spawning
temperature standard (7-day average of the daily maximum) from 13.0 degrees Celsius to 14.5
degrees Celsius. The Snake River fall Chinook ESU (Evolutionary Significant Unit), listed as
threatened under the Endangered Species Act, is the species most likely to be affected by this
change. Snake River fall Chinook are closely related to the Upper Columbia River summer/fall
Chinook, which are not listed under the ESA. The Hanford Reach fall Chinook population is part
of this Upper Columbia ESU and is one of the most productive Chinook salmon populations on
the West Coast of the United States. The Columbia Basin Hydropower Branch at the NOAA
Fisheries West Coast Regional Office in Portland has summarized data in the attached document
which includes Hanford Reach (Upper Columbia River) fall Chinook spawning redd couats and
recorded water temperatures for the same dates and location. We believe this information may be
helpful in EPA’s deliberations.

The data sources used in the summary include the following:

Temperature Data — The Army Corps of Engineers Data Query Website for Priest Rapids
Temperature Gauges, specifically, hourly data collected by the gauge located on Vernita Bar
Bridge (PRXW.Temp-Water.Inst. |Hour.0.GCPUD-RAW) available for years: 2004, 2006, 2008,
2009, 2012, 2013, 2014, 2015, and 2016.

http://www.nwd-wc.usace.army.mil/dd/common/dataquery/www/?k=priest%20rapids

Fall Chinook Spawning Data — Aerial redd count data (for the years which hourly temperature
data were available) for the Vernita Bar reach, and the entire Hanford reach population, provided
by Grant County PUD & WDFW staff. The maximum count for each year {not all dates) can also
be found in annual “Priest Rapids Hatchery Monitoring and Evaluation Reports”.

The Vernita Bar reach is the most productive spawning area for the Hanford Reach fall Chinook
population, and is also closest in proximity to the Vernita Bar bridge temperature gauge, which is



why we chose to use it as the primary location for our data analysis. The relationship between the
spawning redd counts and 7-day averages of the daily maximum temperature at this location
demonstrates that this population of Upper Columbia River summer-fall Chinook initiates
spawning behavior at temperatures above or near 14.5 degrees Celsius and has done so since the
year 2004, if not before this time period.

Please let us know if you have any questions about the information provided or the data sources.

Sincerely,

552 ) Alosve

Ritchie J Graves, Chief

Columbia Hydropower Branch
Interior Columbia Basin Office
NOAA Fisheries, West Coast Region

Cc:  Rochelle Labiosa, EPA
John Palmer, EPA
Laurie Beale, EPA
Jennifer Byrne, EPA
Michael Tehan, NOAA



Total Hanford Reach Fall Chinook Aerial Redd Count &
7-Day Avg. Daily Max Temperature at Vernita Bridge (2004-2016%)

25000
. 0000
. z
-]
[ ] 15000 :'a'
® 4 =
a 1]
o
e 10000 g
] L] S
=
[ ] & -
. o .° - P . 5000
'Y ]
L
| S V-] -8 o
180 17.0 160 15.0 140 130 120 110 100 9.0 8.0
7-Day Average Temperature (“C} at Vernita Bridge {Day of Redd Count)
—8—2004Redd Count  —0—2006Redd Coumt  —0— 2008 Rad Count 2009 Redd Count  =9—2012 Redd Count
=@=2013Redd Count  =—@=2014Redd Count  —&—2015Redd Count ~—@8—2016Redd Count
Total Hanford Reach Fall Chinook Redd Counts and 7-Day Average Dally Max
Temperature at Vernita Bridge by Date (2004-2016*)
25000 180
. * 4 170
Tea, ¢ +*
~
4 160
$ 20000 ey i o
E . . e, . + 150 &
~N L L ] . - -
-é ) .‘ "'.---..,___ * 4 140 ..nﬂ
. ) B 3
‘:, 150(!) 'rz .......... & - lio T
3 o 120
| U] L Mo, 4 E
- L e S 3
T 10000 ey i
= 100 Q
n . a,
S | 9.0 §_
< 5000 i
w ; 80
12 I | 70
o e sasa B 'l- ] L} 80
o S T e e T T R R S N NP R R R
FF LT T F o o o R R
2 2004 Redd Count [ 2006 Redd Count
[ 2008 Redd Count NI 2009 Redd Count
= 2012 Aedd Count BN 7013 Redd Count
. 2014 Redd Count D 2015 Redd Count
N 2016 Redd Count *  7-DayAverage of Dally Max Temp - C

*Hourly temperature data from the Vernita Bar bridge gauge was not available in 2005, 2007, 2010, 2011 or 2017 for

these dates.



Vernita Bar Reach Fall Chincok Aerial Redd Count &

7-Day Avg. Daily Max Temperature at Vernita Bridge (2004-2016*) .
4500
L
4000
~ ° . o 350 g
(-]
% P E
L] =
2500 &
=
n
. 000 &
L ]
: . 150 8
=
e . 1,000
" _ ; 4 500
Ea € » ! z 2 o
180 17.0 160 150 140 120 120 110 100 9.0 80

7-Day Average Temperature ("C) at Vernita Bridge {Day of Redd Count)

—— 2008 Redd Count #2009 Redd Count ~@— 2013 Redd Count

—8—2014 Redd Count —@—2015Redd Count =~@-=2016 Redd Count

Vernita Bar Reach Fall Chinock Redd Counts and 7-Day Average Temperature at
Vernita Bridge by Date {2004-2016*)

4500 180
r
% 4 % 2 110
~N ,m "‘l'l-'.'-..._"“.‘ * L
N g 1 180
e @ !
D 3500 [T ' L 150 B
P - AR A I i1 =
g 3,000 e ,—l—q——“" 10
> . l'Il-.‘... N Fe a
[ & * e, * -’ L 110 -3
w 250 T .
c e ol
2 -1 ] 120 &
8 2,000 eal? M c
4§ e o™
§ ] =
a 1500 100 .:%.
= . L v,
% 1,000 5 reo &
= -
8 £
8 00 . ! 1 i
1o | | il |
(1] - A L] | L 60
B P o 0 8 8 P P P
L s"’d"? L P A E AN Y &@.&% .;l?#‘.‘v O )
(32008 Hedd Count 2035 Redid Count 2013 Radd Count
22014 fedd Coumt 82015 Redd Count 82016 Redd Count

® 7-0ay Average of Daily Max Temp - C

*Aerial redd survey data specific to Vernita Bar reach was only available for a subset of the year In which hourly
temperature data at Vernita Bar bridge was also available. Vernita Bar reach is the most productive reach for salmon
spawning redds in the Hanford Reach population.



Research, Monitoring, and Evaluation of Emerging Issues and
Measures to Recover the Snake River Fall Chinook Salmon ESU

BPA Project Number 199102900
Report covers work performed under BPA Contract # 72899, 72898
Report was completed under BPA Contract # 72899, 72898
Report covers work performed from January, 2016 — December, 2016

William P. Connor and Frank L. Mullins
U.S. Fish and Wildlife Service, Idaho Fish and Wildlife Conservation Office, 276 Dworshak
Complex Drive, Orofino, Idaho 83544

Kenneth F. Tiffan, John M. Plumb, Russell W. Perry, J.M. Erhardt, R.J. Hemingway, B.K.
Bickford, and T.N. Rhodes
U.S. Geological Survey, Western Fisheries Research Center, 5501A Cook-Underwood Rd.,
Cook, Washington 98605, USA

Report created March 2017

“This report was funded by the Bonneville Power Administration (BPA), U.S. Department of
Energy, as part of BPA's program to protect, mitigate, and enhance fish and wildlife affected by
the development and operation of hydroelectric facilities on the Columbia River and its
tributaries. The views in this report are the author's and do not necessarily represent the views of
BPA. Any use of trade, firm, or product names is for descriptive purposes only and does not
imply endorsement by the U.S. Government”


SLB3756
Sticky Note
Document ID #P154616


Abstract

The portion of the Snake River fall Chinook Salmon Oncorhynchus tshawytscha ESU
that spawns upstream of Lower Granite Dam transitioned from low to high abundance during
1992-2016 in association with U.S. Endangered Species Act recovery efforts and other federally
mandated actions. This annual report focuses on (1) numeric and habitat use responses by
natural- and hatchery-origin spawners, (2) phenotypic and numeric responses by natural-origin
juveniles, and (3) predator responses in the Snake River upper and lower reaches as abundance
of adult and juvenile fall Chinook Salmon increased. Spawners have located and used most of
the available spawning habitat and that habitat is gradually approaching redd capacity. Timing
of spawning and fry emergence has been relatively stable; whereas the timing of parr dispersal
from riverine rearing habitat into Lower Granite Reservoir has become earlier as apparent
abundance of juveniles has increased. Growth rate (g/d) and dispersal size of parr also declined
as apparent abundance of juveniles increased. Passage timing of smolts from the two Snake
River reaches has become earlier and downstream movement rate faster as estimated abundance
of fall Chinook Salmon smolts in Lower Granite Reservoir has increased. In 2016, we described
estimated the consumption rate and loss of subyearlings by Smallmouth Bass before, during, and
after four hatchery releases. Before releases, Smallmouth Bass consumption rates of subyearling
was low (0-0.36 fish/bass/d), but the day after the releases consumption rates reached as high as
1.6 fish/bass/d. Bass consumption in the upper portion of Hells Canyon was high for about 1-2
d before returning to pre-release levels, but in the lower river consumption rates were reduced
but took longer to return to pre-release levels. We estimated that most of the subyearlings
consumed by bass were of hatchery origin. Smallmouth Bass predation on subyearlings is
intense following a hatchery release, but the predation pressure is relatively short-lived as
subyearlings quickly disperse downstream. This information will allow us to better estimate
subyearling loss to predation from our past efforts at time intervals less than 2 weeks. These
findings coupled with stock-recruitment analyses presented in this report provide evidence for
density-dependence in the Snake River reaches and in Lower Granite Reservoir that was
influenced by the expansion of the recovery program. The long-term goal is to use the
information covered here in a comprehensive modeling effort to conduct action effectiveness and
uncertainty research and to inform Fish Population, Hydrosystem, Harvest, Hatchery, and

Predation and Invasive Species Management RM&E.
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Introduction

The ISAB (2015) wrote “Understanding density dependence—the relationship between
population density and population growth rate—is important for effective implementation of the
Columbia River Basin Fish and Wildlife Program, biological opinions, recovery plans, and tribal
programs. Information on how density dependence limits fish population growth and habitat
carrying capacity is vital for setting appropriate biological goals to aid in population recovery,
sustain fisheries, and maintain a resilient ecosystem. Habitat restoration and population recovery
actions can be planned and implemented more effectively by understanding mechanisms that
cause density dependence in particular cases, such as limited food supply, limited rearing or
spawning habitat, or altered predator-prey interactions.”

Management efforts have been implemented in response to listing under the Endangered
Species Act (ESA; NMFS 1992) to increase the size of the population and survival of Snake
River basin fall Chinook Salmon Oncorhynchus tshawytscha (e.g., reduced harvest, Peters et al.
2001; stable minimum spawning flows, Groves and Chandler 1999; summer flow augmentation,
Connor et al. 2003b; predator control, Beamesderfer et al. 1996; increased hatchery production
and supplementation; improved dam passage structures, Rainey et al. 2006; summer spill
operations, CBR 2015). To track changes in attributes of the natural-origin population as
abundance increased, Connor et al. (2013) divided the years 1991-2011 into periods of low and
high abundance. To track changes in the attributes of spawning, rearing, emigration, and
predation in this report, we added the years 2012 through 2016 to the period of record. The low
and high abundance periods for adults were set at 1991-1998 and 1999-2016. The low and high
abundance periods for juveniles were set at 1992-1999 and 2000-2016. Estimated escapement

of natural- and hatchery-origin spawners upstream of Lower Granite Dam (hereafter, total



escapement) increased markedly between the two abundance periods reaching a post-ESA listing
high of 52,989 in 2014 and 52,338 in the most recent year 2016 (Table 1).

To assist with the monitoring of recovery measures, staff of project 199102900 have
collected and analyzed data on adult and juvenile fall Chinook Salmon collected along the lower
Snake River upper and lower reaches to the tailrace of Lower Granite Dam (Figure 1) since
brood year 1991 (fry emergence year 1992). That project functions in the long-term as a
research project by publishing papers to help to answer uncertainty and action effectiveness
questions, while reporting interim information on status and trends as the data are collected.
Predation by nonnative fishes is one factor that has been implicated in the decline of juvenile
salmonids Oncorhynchus spp. in the Pacific Northwest, but it has been scantly studied in the case
of Snake River fall Chinook Salmon. The only evaluation of predation on subyearling Snake
River fall Chinook Salmon in the Snake River upper and lower reaches was conducted by Nelle
(1999). Within the upper reach, Nelle (1999) reported that subyearlings only made up 1.9% and
0.8% of Smallmouth Bass diets by weight in 1996 and 1997, respectively. That study was
conducted during the low abundance period soon after the Snake River fall Chinook Salmon
ESU was listed under the ESA in 1992. Thus, low abundance of fall Chinook Salmon could
explain why Smallmouth Bass consumption rates were relatively low compared to those from
studies conducted in the Columbia and Yakima rivers where salmon abundance was higher
(Tabor et al. 1993; Fritts and Pearsons 2004).

To date, our predation work has focused on estimating the loss of subyearling fall
Chinook Salmon to Smallmouth Bass predation in Hells Canyon. Our methodology relies on
estimating Smallmouth Bass consumption rate of subyearlings and then expanding that rate by

bass abundance in a reach over a specific sampling interval, which was two weeks in our past



studies. Thus an assumption of this method is that consumption rate does not vary over this time
interval. However, the assumption is violated when large hatchery releases occur and bass
consumption rate changes within the two-week interval. Without knowing how the consumption
rate changes when a hatchery release occurs, estimates of subyearling loss can be either over or
under estimated. In 2016, we attempted to better understand changes in bass consumption rates
before, during, and after hatchery releases so as to correct our results when such events occur.
An additional objective was to determine the number of hatchery fish consumed in our study

area during each release.



TABLE 1. Estimates of escapement of natural- and hatchery-origin adult (> 53 cm FL) fall
Chinook Salmon from the Snake River basin ESU, 1991-2016. Reference the following for the
results: Busack (1991), Cooney (1991), LaVoy (1992, 1993, 1994, 1995), LaVoy and Mendel
(1996), Mendel and LaVoy (1997), Mendel (1998, 1999, 2000), Young et al. (2012,
unpublished). The mean (x SD) escapements for the abundance period estimates (Low, 1991-
1998; High, 1999-2016) are also given.

Year Natural Hatchery Total
1991 318 253 571
1992 549 111 660
1993 742 195 937
1994 406 186 592
1995 350 267 617
1996 639 260 899
1997 797 195 992
1998 306 610 916
1999 905 890 1,795
2000 1,148 1,410 2,558
2001 5,163 4,382 9,545
2002 2,116 7,231 9,347
2003 3,455 8,974 12,429
2004 2,637 9,773 12,410
2005 4,584 5,340 9,924
2006 3,984 2,501 6,485
2007 2,816 5,538 8,354
2008 2,995 8,930 11,925
2009 4,273 16,412 20,685
2010 7,347 32,417 39,764
2011 8,072 15,508 23,580
2012 11,315 19,048 30,363
2013 20,425 30,813 51,238
2014 13,141 39,848 52,989
2015 15,422 36,916 52,338
2016 8,762 23,110 31,872
Low 513 +183 260 + 141 773 £ 167

High 6,587 + 5,206 14,947 + 12,182 21,533 + 16,743
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FIGURE 1. The Snake River basin including the free-flowing but regulated Snake River
upper (Hells Canyon Dam to Salmon River mouth) and lower (Salmon River mouth to the upper
end Lower Granite Reservoir) reaches where natural- and hatchery-origin adults spawned during
1991-2016 and natural-origin fall Chinook Salmon subyearlings were captured seined and PIT
tagged while rearing during 1992-2016. Lower Granite Reservoir and Lower Granite Dam are
the first of the impoundments and dams encountered by the fish after they had become smolts
during early seaward migration.



The goal of this annual report is to describe how the status and trends in the data
collected on fall Chinook Salmon in the Snake River upper (Hells Canyon Dam to the Salmon
River mouth) and lower (Salmon River mouth to upper end of Lower Granite Reservoir; Figure
1) reaches provide evidence for density-dependent interactions including an update on the
response to predation. The objectives of this report are to summarize information collected on
attributes of (1) spawning in riverine habitat, (2) natural-origin juveniles rearing in riverine
habitat, (3) natural-origin juveniles emigrating through Lower Granite Reservoir, and (4)
seasonal variation in Smallmouth Bass diets and consumption of subyearling Chinook Salmon

during rearing in riverine habitat.

Methods

Attributes of Spawning in Riverine Habitat (Protocol 1D 2058, Published)

Aerial surveys were scheduled at 7-d to 14-d intervals starting in late October and ending
in early December. The number of flights made varied by year. Redds were counted from a
helicopter flown about 200 m above the river, which allows observing 100% of the river bottom
at depths approximately < 3 m (i.e., shallow water). Beginning in 2015, aerial surveys were
replaced with surveys conducted by staff of the Idaho Power Company by use of a small
unmanned aircraft system (SUAS). For the SUAS survey samples, 35 individual sites were flown
four times (every other week) during the spawning season, beginning the week of 10/26, and
ending during the week of 12/07. The total number of new redds was compiled for each of the
35 sample sites, for each survey, and that provided a total number of redds present at each site

that were incorporated into a sampling proportional to size model to estimate (95% C.1.) total



redd counts for each Snake River reach. The efficacy of the SUAS surveys is described by

Groves et al. 2016). Problems associated with sampling error in 2015 were resolved in 2016.

Potential deep water spawning locations (>3 m) were searched for redds as described in
Protocol ID 2058 and by Groves et al. (2013). We tabulated the redd counts by year and reach.
We calculated inter-annual mean redd counts by abundance period. To evaluate the evidence for
density-dependence during spawning, we plotted the annual numbers of shallow redds counted
(or estimated after 2014), number of shallow sites used (restricted to years prior to 2015), deep
redds counted, and deep sites used against the corresponding brood year estimates of total
escapement (Table 1). Plots were made for the reaches jointly. To assess the plausibility and
strength of density-dependence during spawning, we assumed a log-normal error structure and fit
three types of linear models. First, in the following manner we fit a simple linear regression
model so that recruitment (R; e.g., aerial redd counts) increased proportionately and indefinitely

(no density-dependence) with increases in total escapement (S):
1) Riai=6+65,.
Secondly, we fit the Beverton-Holt model:

asS,

2) R = 1+(4S)

whereby o measures productivity when the number of spawning adults is near zero (i.e., density-
independence), and p measures the strength of density-dependence as the number spawning
adults increases. The Beverton-Holt model reaches an asymptote in the number recruits produced

at o/p.



Lastly, we fit the Ricker production model expressed as:

©) R =pSe "™,

where p is similar to a in the Beverton-Holt and measures density-independent productivity
(proportional to fecundity) and 6 measures the strength of density-dependence. We used

Akaike’s Information Criterion (AIC) to pick the model with the best fit.

To evaluate the time of spawning, if redds were counted during a given aerial survey we
assigned a spawning date to that survey by subtracting seven days from the flight date. For
example, if the first flight was made on 10/21 and 10 redds were counted, the first spawning date
would be 10/14. We calculated the first, peak, and last spawning dates as just described and
calculated the percentages of the total redd count made on those dates. We calculated inter-
annual means for the first, peak, and last spawning dates and for the percentages on those dates
by abundance period. Analyses on time of spawning analyses were restricted to the years 1992—
2014 because the flight schedules for the SUAS surveys that began in 2015 were shifted to
slightly later dates and the resulting count data were not directly comparable to the data collected

in prior years.

Attributes of Natural-Origin Juveniles Rearing in Riverine Habitat (Protocol 1D

2057, Published)

Attributes evaluated during rearing in riverine habitat included apparent abundance of
natural-origin subyearlings, timing of fry (< 46-mm FL) presence, and timing of parr (> 45-mm
FL; after Connor et al. 2002) dispersal from riverine habitat, parr dispersal size, and parr growth.
To collect data on those attributes, we used a beach seine at 11-15 permanent stations located

along 142 contiguous kms of the two riverine reaches studied. Large portions of the hatchery
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smolts released into the river were released without an external mark or fin clip (i.e., unmarked).
After hatchery smolts were released upstream of a given seining station, the origin (i.e., natural
or hatchery) of each collected unmarked fish was classified based on morphology (overall
accuracy 98.7%; Tiffan and Connor 2011). During 1992-2007, we implanted each natural-
origin parr > 60 mm long collected during seining in riverine habitat with an 11.5-mm passive
integrated transponder (PIT) tag (Prentice et al. 1990a). During 2008-2016, in addition to
tagging fish longer than 59 mm with 11.5-mm tags, we also tagged natural-origin parr that were
50-59 mm long with 8.5-mm tags. Natural-origin parr were given 15 min to recover from
tagging in an aerated 19-L bucket of river water before release at their capture site.

Mean daily CPUE (natural-origin subyearlings per seine haul) values for each sampling
station were adjusted for the presence of natural-origin, spring/summer Chinook Salmon and
averaged across sampling stations and weeks within a year to calculate mean annual CPUE (+
SE) by reach and for reaches combined as an indices of apparent abundance in riverine rearing
habitat, where N was the number of station visits. We also calculated mean inter-annual CPUE
by abundance period (low abundance period, 1992-1999; high abundance period, 2000-2016;
after Connor et al. 2013). To evaluate the evidence for density-dependence during rearing in
riverine habitat, mean annual CPUE for the combined reaches was plotted against the
corresponding brood year estimates of total escapement (Table 1) and curves were fit to the data
as described for redd counts.

The median, minimum, and maximum day of year (January 1 = 1) of fry and parr
presence were tabulated by reach and year. We calculated inter-annual means from the annual
median dates of presence for each abundance period under the premise that dispersal timing into

the reservoir became earlier as the median dates of parr presence became earlier. We calculated
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annual mean and abundance period wet weights (0.1 g) of all natural-origin parr captured in the
riverine habitat reasoning that decreases in weight reflected decreases in size at dispersal (and
vice versa). We calculated absolute growth rates (g/d) of individual PIT-tagged, natural-origin
parr recaptured by beach seine as (WT2 - WT1) /( Day2 — Dayl) and used those growth rates to
calculate annual mean growth rates for fish recaptured within each year, and inter-annual mean

growth rates for each abundance period.

Attributes of Natural-Origin Juveniles Emigrating through Lower Granite

Reservoir (Protocol 1D 2057,Published)

The basin-wide population of subyearling smolts consists of the aggregate of natural- and
hatchery-origin fish produced or released upstream of Lower Granite Reservoir. We modified
Method ID 3999 (Published) to estimate the daily number of natural-origin, fall Chinook Salmon
subyearling smolts that passed Lower Granite Dam each year. We summed the daily estimates
made for March through October to estimate seasonal passage abundance. To evaluate the
evidence for density-dependence during early seaward migration in the reservoir, we plotted
estimated annual passage abundance at the dam against the corresponding brood year estimates
of total escapement (Table 1) and curves were fit to the data as described for redd counts..

We also used Method ID 3999 (Published) to estimate daily passage abundance of
natural-origin subyearlings at Lower Granite Dam that had been PIT tagged in the Snake River
reaches. The annual median passage dates for each reach were plotted against year, and the
inter-annual means of those medians were calculated by abundance period. Downstream
movement rate was calculated for individual, natural-origin subyearlings that had been PIT

tagged while rearing in riverine reaches of the Snake River as the elapsed days between release
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and detection at a point downstream divided by the channel distance in river kms traversed
between release and subsequent detection at Lower Granite Dam. Annual means, medians,
minimums, and maximums were calculated by reach and abundance period using the

downstream movement rates of individual fish.

Variation in Smallmouth Bass Diets and Consumption of Subyearling Chinook

Salmon during Rearing in Riverine Habitat (Protocol ID 299, Published)

We examined the daily consumption and diet of Smallmouth Bass before and during four
hatchery releases of subyearling fall Chinook Salmon within Hells Canyon, an unimpounded
section of the Snake River (Figure 2). These releases occur annually within our study area. The
first two hatchery releases we studied in 2016 were made at Hells Canyon Dam (rkm 398.5)
during which 1,041,185 fish were released over 2 days (May 16 and 18; Table 2). A third
release of 398,086 subyearlings was made on May 20 from the Pittsburg Landing acclimation
facility (rkm 345.5). To evaluate these three releases, we first divided our study area into two
reaches: one downstream of Pittsburg Landing from rkm 328.1 to 345.5, and one upstream from
rkm 345.5 to 365.3. We began sampling in both reaches on May 15, the day before the first
release at Hells Canyon Dam. Sampling continued in each reach until subyearlings were no
longer observed (estimated in the field) in the diets of bass. The fourth hatchery release we
studied was made on June 10 at the Captain John acclimation facility (rkm 262.8) during which
198,983 fish were released. We sampled the river from the acclimation facility downstream to
the head of Lower Granite Reservoir at Asotin, WA (rkm 234.2). Sampling began the morning
before the release and continued until the presence of subyearlings in bass stomachs were similar

to prerelease levels.
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Smallmouth Bass >150mm TL were collected by angling to evaluate consumption for the
Hells Canyon Dam and Pittsburg Landing releases and by boat electrofishing to evaluate the
Captain John release. Different gears were used to be consistent with the methods we used
during our previous consumption studies. All sampling sites were randomly selected according
to shoreline habitat type that was provided as a GIS habitat layer by the Idaho Power Company.
The following shoreline habitat types were sampled: pool, riffle, glide, bar, and fan. We did not
sample “rapids” because they represented a relatively small (<5%) amount of shoreline and were
difficult to sample. Sites that were angled were sampled for ~20 min by 2 people fishing from a
boat. Sites that were electrofished were sampled along 80- to 800-m transects that typically

encompassed an entire specific habitat type. One netter collected fish.
Consumption

We calculated the consumption rate C (number of Chinook Salmon/Smallmouth
Bass/day) in a series of steps similar to Fritts and Pearsons (2004). First, we identified ingested
fish from bass stomachs using diagnostic bones (i.e., dentary, cleithrum, opercle; Parrish et al.
2006) and estimated their original FL and weight at ingestion using various regressions (Hansel
et al. 1988; Vigg et al. 1991; Parrish et al. 2006). These weights were summed with weights of
other diet items (if present) to derive a meal weight (MW) for each individual bass (Vigg et al.
1991). We accounted for a 21.3% weight loss associated with preservation in 90% ethanol for
all diet items used in the calculation (Shields and Carlson 1996). Next, we input MW into an
evacuation rate model of Smallmouth Bass digestion of salmonids developed by Rogers and
Burley (1991) and modified by Fritts and Pearsons (2004) that predicts time (in hours) to 90%
evacuation (ETgp):

EToo = (24.542) (MW" #e015TW 023y (22),
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where W is bass weight (g; measured or estimated), and T is temperature. Finally, we calculated
C for each individual bass using the equation presented by Ward et al. (1995):

C = n(24/ETq),
where n is the number of Chinook Salmon found in the bass stomach. Mean C was calculated
for each reach per day from all bass examined including those with empty stomachs.

We estimated total Chinook Salmon loss to predation by multiplying daily estimates of C
to abundance estimates from our previous predation research. Mean abundance during May of
2013 and 2014 equated to 1,089 Smallmouth Bass/rkm in the upper portion of our study area and
mean June abundances equated to 896/rkm in the lower portion of our study area (Connor et al.
2015). Applying this to our study area equated to 21,562 bass in our reach above Pittsburg
Landing, 18,949 bass in our reach below Pittsburg Landing, and 25,626 in our reach below

Captain John.
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FIGURE 2. Map of Hells Canyon showing the upper (rkm 328.1-365.3) and lower (rkm 234.2—
262.8) portions of our study area that were sampled in 2016.
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TABLE 2. Summary of hatchery releases of fall Chinook Salmon in the Snake River during
2016.

Number  Number
Release Rearing Number PIT coded-wire
Date Location agency location released tagged tagged

Releases studied
May 16-18 Hells Idaho Power Irrigon 1,041,185 2,998 247,407

Canyon Company
Dam
May 20 Pittsburg Nez Perce Lyons 398,086 26,052 199,287
Landing Tribe Ferry

Other releases in study area
May 25 Captain Nez Perce Lyons 509,235 25,973 200,348

John Tribe Ferry

May 31 Grande Idaho Power Irrigon 429,889 3,000 200,075
Ronde Company
River

June 10 Captain Nez Perce Lyons 198,983 2,000 197,857
John Tribe Ferry

Results

Attributes of Spawning in Riverine Habitat

The total number of redds in the Snake River upper reach (estimated shallow and counted
deep combined) was 1,381 in 2016 (Table 3), which ranked sixth for the 26-year period of record
for that reach. The total number of redds in the Snake River lower reach was 593 in 2016 (Table
3), which ranked eleventh for the 26-year period of record for that reach. The grand total redd
count for both reaches combined in 2016 was 1,974 (Table 3), which ranked eighth for the 26-

year period of record for the free-flowing Snake River.
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Mean total redd counts were similar between reaches during the low abundance period,
whereas the mean total redd count was 1.6 times higher in the upper reach compared to the lower
reach during the high abundance period (Table 3). As such, there was a large change in the
percentage of the total redds counted between reaches and abundance periods with the upper
reach supporting the majority of redds during the high abundance period (Table 3).

The Beverton-Holt (AIC = 351.8) provided more information about the shape of the
relation between total escapement and aerial redd counts for the reaches combined compared to
Ricker (AIC = 355.1) and linear (AIC = 368.9) models. The Beverton-Holt model provided the
best fit (AIC = 178.6) to the data set composed of total escapement and the number of shallow
spawning sites used (Linear, AIC = 229.5; Ricker, AIC = 201.9; Figure 4).

The fits to the total escapement and deepwater redd count data were similar between the
Beverton-Holt (AIC = 329.8) and Ricker (AIC = 330.1) models, but better than the fit of the
linear (AIC = 344.6) model (Figure 5). The Beverton-Holt model (AIC = 180.2) provided the
best fit to data collected on the total escapement and the number of deepwater sites used (Linear,
AIC = 206.6; Ricker, AIC = 184.3; Figure 6).

Because of the nature of the SUAS surveys, spawn timing statistics could not be
calculated in 2015 using the approach applied to previous years. It can be said that spawning in
the Snake River in 2015 began around the second week of October, peaked in late October to
early November, and was complete by the middle of December. Based on the data collected
during the 1991-2014 standardized aerial surveys, there was a 7-d difference between the mean
first dates of spawning of the two abundance periods, that was partly caused by starting the aerial
surveys early during several years of the high abundance period (Table 4). On average, however,

relatively low proportions of the total number of redds counted within each abundance period
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were counted on the first date of spawning (Table 4). There was no large difference between the
mean peak and last dates of spawning between abundance periods (Table 4). Thus, difference in
time of spawning between abundance periods was not a large factor for changes in the attributes

of juveniles described later in this report.
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TABLE 3. Redd count data collected during aerial surveys (< 3 m deep; 1991-2016), SUAS
surveys (< 3 m deep; 2015 and 2016) and deepwater searches (> 3 m deep; 1993-2016)
conducted along the Snake River upper and lower reaches, 1991-2016. The mean (+ SD) total
counts and mean (x SE) percentages by reach are also given by abundance period (Low, 1991-
1998; High, 1999-2016).

Upper reach Lower reach Percent by reach
Grand

Year  Aerial Deep Total Aerial Deep Total total Upper Lower
1991 27 27 24 5 29 56 48.2 51.8
1992 16 16 31 0 31 47 34.0 66.0
1993 14 5 19 46 62 108 127 15.0 85.0
1994 29 6 35 22 8 30 65 53.8 46.2
1995 28 5 33 13 19 32 65 50.8 49.2
1996 49 7 56 22 26 48 104 53.8 46.2
1997 20 4 24 29 5 34 58 41.4 58.6
1998 109 28 137 26 22 48 185 74.1 25.9
1999 225 67 292 48 33 81 373 78.3 21.7
2000 186 42 228 74* 49 123 351 65.0 35.0
2001 301 87 388 234 86 320 708 54.8 45.2
2002 533 114 647 345 120 465 1,112 58.2 41.8
2003 675 165 840 455 229 684 1,524 55.1 44.9
2004 685 279 964 533 210 743 1,707 56.5 43.5
2005 662 203 865 380 195 575 1,440 60.1 39.9
2006 452 147 599 244 181 425 1,024 58.5 41.5
2007 482 241 723 232 162 394 1,117 64.7 35.3
2008 761 368 1,129 472 218 690 1,819 62.1 37.9
2009 948 379 1,327 563 205 768 2,095 63.3 36.7
2010 1,110 641 1,751 840 375 1,215 2,966 59.0 41.0
2011 874 521 1,395 1,075 344 1,419 2,814 49.6 50.4
2012 1,100° 274 1,374 594° 142 736 2,110 65.1 34.9
2013  1,3389332 1,670 1,209° 264 1,473 3,143 53.1 46.9
2014  1,949" 583 2,532 1,029 259 1,288 3,820 66.3 33.7
2015 1,738?‘ 589 2,327 591' 237 828 3,155 73.8 26.2
2016 1,043 338 1,381 445% 148 593 1,974 70.0 30.0
Low 43 + 37 45 + 25 88+45 46.4+16.153.6+16.1
High 1,135+ 634 712 +399 1,847 +982 61.9+1.7 38117

*Groves et al. (2013) did not report 5 redds counted at rkm 238.1; 1,016/0.924 based on
observed helicopter counts divided by counts made with a UAS;°396/0.667; 91,220/0.912;
®851/0.704;"1,129/0.579;%837/0.813;"+ 670 redds;'+ 222 redds;'+ 96redds; “+ 138redds.
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FIGURE 3. The relation between estimated annual total escapement (Table 1) and the annual
number of redds counted (1992-2010) counted and adjusted for inaccuracy (2012-2014), and
estimated (2015 and 2016) based on manned helicopter (1992-2014) and unmanned aircraft
flights over shallow (< 3 m deep) spawning sites along the Snake River upper and lower reaches
combined (Table 3), 1991-2016. The numbers are the last two digits of the calendar year. The
parameters (+ SE) for the Beverton-Holt and Ricker models (of similar fit) were: alpha =
0.11293+0.01244 and beta = 0.000026+0.000006; and alpha = 0.09704+0.00815 and beta =
0.000014+0.0000021.
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FIGURE 4. The relation between estimated annual total escapement (Table 1) and the annual
number of shallow (< 3 m deep) sites at which redds were counted from the air in the Snake
River upper and lower reaches combined, 1991-2014. The numbers are the last two digits of the
calendar year. The parameters (x SE) for the Beverton-Holt model (the best fit) were alpha =
0.029912+0.0036 and beta = 0.000224+0.00003.
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FIGURE 5. The relation between estimated annual total escapement (Table 1) and the annual
number of redds counted at sites > 3 m deep with underwater video along the Snake River upper
and lower reaches combined (Table 3), 1991-2016. The numbers are the last two digits of the
calendar year. The parameters (+ SE) for the Beverton-Holt and Ricker models (of similar fit)
were: alpha = 0.058803+0.0134256 and beta = 0.0000555+0.0000203; and alpha =
0.0450296+0.00589and beta = 0.000022+0.000004.
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FIGURE 6. The relation between estimated annual total escapement (Table 1) and the annual
number of deep (> 3 m deep) sites at which redds were counted with underwater video in the
Snake River upper and lower reaches combined, 1991-2016. The numbers are the last two digits
of the calendar year. The parameters (= SE) for the Beverton-Holt model (the best fit) were
alpha = 0.00755+0.0018 and beta = 0.000145+0.000046.
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TABLE 4.  Information from the annual aerial surveys made to count redds in shallow water
(< 3 m) along the Snake River upper and lower reaches including the number of flights made, the
spawning date represented by the first flight (flight date minus 7 d; Earliest), and the first, peak,
and last spawning dates (flight dates minus 7 d) observed including the cumulative percentages
(%) of eventual total redd counts made on those dates. The means (£ SD) of the annual
abundance period (Low, 1991-1998; High, 1999-2014) first, peak and last dates redds were
counted are also given. SUAS survey data collected in 2015 and 2016 were not comparable to
early years with regards to evaluating time of spawning.

Flights First Peak Last

Year N Earliest Date % Date % Date %
1991 9 10/07 10/21 2.2 11/11 26.2 12/02 4.8
1992 8 10/09 10/29 8.5 11/16 38.3 12/05 6.4
1993 8 10/18 10/18 1.7 10/25 30.0 12/06 3.3
1994 8 10/17 10/17 2.0 10/31 35.3 11/28 2.0
1995 7 10/16 10/16 9.8 10/30 43.9 11/20 2.4
1996° 7 10/14 10/14 2.8 10/21 36.6

1997 8 10/13 10/13 2.0 10/20 32.7 11/24 2.0
1998 8 10/12 10/19 20.7 10/26 31.9 11/23 3.7
1999 9 10/04 10/11 1.8 11/04 43.6 11/30 0.4
2000 9 10/02 10/02 0.4 10/23 31.4 11/21 2.0
2001 10 10/02 10/02 1.7 11/06 39.8 12/03 1.5
2002 7 10/14 10/14 3.4 10/28 33.1 11/25 0.3
2003 7 10/13 10/13 0.4 11/03 37.4 12/01 0.5
2004 8 10/11 10/11 0.1 11/01 40.5 11/29 1.1
2005 9 10/11 10/11 0.8 10/31 32.5 12/05 0.1
2006 6 10/16 10/16 5.0 10/23 39.3 11/27 1.3
2007 8 10/08 10/08 0.1 10/30 39.5 11/26 6.0
2008 8 10/13 10/13 1.9 10/27 46.0 12/01 0.5
2009 8 10/12 10/12 1.2 10/26 46.4 11/30 0.9
2010 4 10/18 10/18 3.2 11/02 51.5 11/28 6.9
2011 5 10/17 10/17 1.7 10/31 475 11/28 6.7
2012 4 10/15 10/15 2.4 10/29 68.5 11/26 1.8
2013 4 10/14 10/14 5.0 10/28 75.6 11/27 0.8
2014 4 10/13 10/13 1.9 10/27 53.8 11/24 2.4
Low 10/14+4 10/1945 6.2+6.3 10/31+9 34.1+#5.6 11/28+6 3.1+1.5
High 10/12+5 10/12+4 19+15 10/30+4 45.4+11.9 11/28+3 2.2+2.2

®Counts were prohibited by turbidity during the last three flights.
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Attributes of Natural-Origin Juveniles Rearing in Riverine Habitat

Mean (x 95% C.L.) annual CPUE for natural-origin Snake River fall Chinook Salmon
subyearlings along the Snake River upper reach during 2016 was 37.1 + 21.5 fish per seine haul
(Table 5), which ranked seventh for the 22-year period of record for the upper reach. Mean (x
95% C.L.) annual CPUE for natural-origin Snake River fall Chinook Salmon subyearlings along
the Snake River lower reach during 2016 was 19.9 + 4.8 fish per seine haul (Table 5), which
ranked ninth for the 25-year period of record for the lower reach. Mean (£ 95% C.L.) annual
CPUE for natural-origin Snake River fall Chinook Salmon subyearlings along the Snake River
upper and lower reaches combined during 2015 was 25.3 + 7.5 fish per seine haul (Table 5),
which ranked sixth for the 25-year period of record. Mean inter-annual CPUE was lower during
the low abundance period compared to the high abundance period for the upper reach, lower
reach, and the combined reaches (Table 5).

The Ricker (AIC = 193.6) and Beverton-Holt (AIC =195.5) models provided similar
amounts of information about the shape of the relation between estimated total escapement and
mean annual CPUE calculated jointly between Snake River reaches, but more information about

that relation than was provided by the linear model (AIC = 207.7; Figure 7).
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TABLE 5.
lower reaches, 1992-2016. The start and end dates for beach seining, the total number of station visits (N), and the grand means (+ SE) of the

abundance period (Low, 1992-1999; High, 2000-2016) annual means are also given.

Mean (x 95% C.1.) CPUE (fish per seine haul) for natural-origin fall Chinook Salmon subyearlings along the Snake River upper and

Upper reach Lower reach Combined

Year N Start End CPUE N Start End CPUE N Start End CPUE
1992 173 04/01 06/11 3.5+0.9 173 04/01 06/11 3.5+0.9
1993 247 04/06 07/20 1.5+0.3 247 04/06 07/20 1.5+0.3
1994 249 04/06 07/13 6.0£1.8 249 04/06 07/13 6.0£1.8
1995 70 04/07 06/29 8.2+£2.7 199 04/05 07/06 3.3£0.8 269 04/05 07/06  4.6+0.9
1996 54 04/18 07/11 0.8+0.3 145 04/16 07/17 2.2+0.5 199 04/16 07/17 1.8+0.4
1997 71 04/24 07/03 0.6+0.3 167 04/22 07/16 2.5x0.7 238 04/22 07/16  1.9+0.5
1998 73 04/15 07/06 4.7+1.8 149 04/14 07/08 5.2£1.3 222 04/14 07/08 5.0+1.1
1999 81 04/08 07/09 8.8+3.4 171 04/06 07/15 4.2+0.9 252 04/06  07/15 5.7+1.2
2000 41 04/06 06/29 31.4+24.2 98 04/04 07/06 17.5+5.0 139 04/04 07/06 21.6%7.8
2001 49 04/06 06/21 11.3+8.2 140 04/04 07/03 11.1+£3.0 189 04/04 07/03 11.2+3.1
2002 56 04/04 07/11 29.6+16.6 160 04/02 07/17 7.8£1.8 216 04/02 07/17 13.5+4.6
2003 52 03/27 06/26 40.1+16.6 146 03/25 07/02 19.7+4.8 198 03/25 07/02 25.1+5.7
2004 55 03/25 06/24 90.9+49.2 150 03/23 06/30 41.8+11.3 205 03/23 06/30 54.9+15.6
2005 60 03/31 06/30 88.7+45.9 199 03/29 07/12 39.748.6 259 03/29 07/12 51.0+12.6
2006 78 03/31 07/06 7.0£3.7 216 03/29 07/11 5.8£1.2 294 03/29 07/11 6.1+1.3
2007 68 03/29 07/05 65.2+38.5 144 03/27 07/03 23.1+54 212 03/27 07/05 36.6+£13.0
2008 92 03/27 07/17 34.7+14.4 169 03/25 07/16 10.2+2.2 261 03/25 07/17 18.8+5.4
2009 79 03/26 06/25 25.6+£13.7 155 03/23 07/07 14.5+5.1 234 03/23 07/07 18.3+5.7
2010 86 03/25 07/22 20.6+8.0 187 03/23 07/27 26.7+5.3 273 03/23 07/27 24.8+4.4
2011 79 03/31 07/14 20.4+8.4 161 03/29 07/20 13.8£3.7 240 03/29 07/20 16.0£3.7
2012 85 03/28 07/11 49.0+22.4 178 03/27 08/01 21.2+45 263 03/27 08/01 30.2+7.9
2013 68 03/28 06/27 65.0+46.2 145 03/26 07/03 28.846.5 213 03/26  07/03 40.4+15.3
2014 60 03/27 06/19 24.9+13.0 133 03/25 07/01 20.5+4.4 193 03/25 07/01 21.9+5.0
2015 54 03/26 06/11 19.5+9.7 125 03/24 06/24 27.545.1 179 03/24 06/24 25.1+5.0
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TABLE 5.

(Extended)

Upper reach

Lower reach

Combined

Year N Start End CPUE N Start End CPUE N Start End CPUE
2016 65 03/24 06/16 37.1+21.5 141 03/22 06/28 19.9+4.8 206 03/22 06/28 25.3%7.5
Low 4.6 £1.7 3.6 0.5 3.8+0.6
High 38.946.3 20.6+2.5 25.9+3.3
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FIGURE 7. The relation between estimated annual total escapement (Table 1; 1991-2016) and
annual mean CPUE of natural-origin Fall Chinook Salmon subyearlings along the Snake River
upper and lower reaches combined (Table 5; 1992-2016). The numbers are the last two digits of
the brood year (e.g., 15 = CPUE for juveniles in 2016 produced by spawning in 2015). The
parameters (+ SE) for the Ricker model (the best fit) were alpha = 0.011673+0.006642 and beta
= 0.000373+ 0.000252.
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Of the life stages evaluated, timing of fry presence has been the most stable across the
years 1992-2016 with emergence timing generally being earlier in the relatively warmer Snake
River upper reach than in the relatively cooler Snake River lower reach in most years (Table 6).
The median date of parr presence along the shorelines is an indicator of when the number of parr
rearing in riverine habitat became less than the number of parr that had begun downstream
dispersal into Lower Granite Reservoir. The median date of parr presence along both Snake
River reaches generally became earlier as density along the shorelines increased as can be seen
by examining the means of the median dates of parr presence for the periods of low (1992-1999)
and high (2000-2016) abundance (Table 7).

Grand mean (x SE) wet weight of natural-origin parr in the Snake River upper reach
declined from 4.7 £ 0.4 g during the low abundance period to 2.4 +0.2 g during the high
abundance period, and a similar decline in wet weight of parr was observed in the Snake River
lower reach (Table 8). The decline in wet weight of parr was accompanied by a decline in
growth in weight in both reaches, but especially in the upper reach (Table 8) where rearing
habitat availability and connectivity are relatively low and apparent abundance high (i.e., CPUE

in Table 5).

30



TABLE 6. Timing of natural-origin fry presence (Sunday’s day of year; January 1 = 1) along
the Snake River upper and lower reaches, 1992-2016. The means (x SE) of the annual
abundance period (Low, 1992-1999; High, 2000-2016) medians are also given.

Upper reach Lower reach

Year N  Median Min Max N Median Min Max
1992 356 117 89 145
1993 199 136 94 171
1994 441 135 93 156
1995 117 113 92 141 257 120 92 155
1996 14 119 105 126 268 126 105 175
1997 1 110 110 110 114 124 110 180
1998 101 109 102 130 322 116 102 165
1999 97 122 94 143 278 122 94 178
2000 683 100 93 135 415 100 93 156
2001 552 119 91 140 1,268 126 91 154
2002 2,289 111 90 153 965 125 90 167
2003 962 103 82 145 1,726 110 82 173
2004 6,123 109 81 144 4,952 123 81 158
2005 5,462 107 86 135 3,786 107 86 156
2006 75 106 85 141 588 134 85 162
2007 4311 112 84 154 1,771 119 84 154
2008 1,628 118 90 146 1,231 118 83 167
2009 811 109 81 137 1,017 116 81 165
2010 1572 115 80 157 4,393 115 80 171
2011 1,778 128 86 163 1,408 128 86 191
2012 3,782 120 85 169 2,207 127 85 162
2013 7,874 111 83 146 4,033 118 83 167
2014 1,174 107 82 159 2,755 117 82 166
2015% 1,349 102 81 144 5,678 102 81 158
2016 866 101 80 129 2,164 108 80 178
Low 115+3 125+ 3

High 110+ 2 118 +2

®During week 4 of the seining season a new seine was used. That seine was found to have a
mesh size of 1/4 inch instead of the standard 3/16 inch. Catch was adjusted by dividing the week
4 catch by 0.75. The seine used after before and after week 4 had 3/16 inch mesh.
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TABLE 7. Timing of natural-origin parr presence (Sunday’s day of year; January 1 = 1) along
the Snake River upper and lower reaches, 1992-2016. The means (x SE) of the annual
abundance period (Low, 1992-1999; High, 2000-2016) medians are also given.

Upper reach Lower reach

Year N  Median Min Max N Median Min Max
1992 1,765 138 89 159
1993 2,166 157 101 199
1994 4,348 149 93 191
1995 985 148 99 169 1,408 155 92 183
1996 118 133 105 168 756 147 105 196
1997 119 145 110 166 938 159 110 194
1998 1,078 137 102 186 2,512 151 102 186
1999 1,493 143 101 178 1,647 157 94 192
2000 1,064 114 93 163 1,578 135 93 177
2001 794 123 91 161 3,076 140 91 175
2002 3,013 125 97 181 3,620 146 90 188
2003 4523 124 82 173 6,821 131 82 180
2004 6,310 123 88 172 11,225 137 88 179
2005 8,119 121 86 170 16,803 135 86 184
2006 1,344 134 85 176 2,658 134 99 176
2007 7,226 119 91 182 7,500 133 84 182
2008 6,610 139 97 195 3,357 146 83 195
2009 3,876 130 88 165 4,706 137 95 186
2010 2,502 129 87 199 9,193 143 87 199
2011 2,237 135 93 184 2,759 149 86 191
2012 4769 134 106 176 5,791 148 99 190
2013 4503 125 104 174 7,171 139 83 174
2014 2,484 131 82 159 3,785 138 89 180
20152 2,221 109 81 151 7,050 137 81 172
4,210 115 94 157 4,980 122 87 178
Low 141 + 3 152 + 2

High 125 +2 138 +2

®During week 4 of the seining season a new seine was used. That seine was found to have a
mesh size of 1/4 inch instead of the standard 3/16 inch. Catch was adjusted by dividing the week
4 catch by 0.75. The seine used after before and after week 4 had 3/16 inch mesh.
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TABLE 8. Mean (£ SD) wet weights (0.1 g) and absolute growth rates (0.01 g/d) of natural-
origin parr rearing along the Snake River upper and lower reaches, 1992-2016. The means (£
SE) of the annual abundance period (Low, 1992-1999; High, 2000-2016) grand means are also
given.

Upper reach Lower reach

Year N  Weight N  Growth N  Weight N  Growth

1992 1,128 42+25 36 0.17+0.11
1993 1,901 4.2#3.1 161 0.13+0.13
1994 3,712 3.8+2.8 238 0.19+0.17
1995 606 4.4+3.2 29 0.28+0.13 888 4.0£3.3 35 0.21+0.11
1996 112 3.8+25 17 0.26%0.13 714 42434 49 0.20+0.14
1997 114 6.1£2.7 20 0.34+0.10 922 47431 78 0.20+0.11
1998 981 4.7£3.0 89 0.25%0.11 2,145 4.0+2.8 86 0.18+0.09
1999 1,489 4.3+3.0 169 0.30+0.13 1,642 3.742.8 92 0.24+0.12
2000 932 4.2+39 61 0.38+0.11 1,553 3.7¢3.1 45 0.20+0.10
2001 724 2.0+1.3 11 0.22+0.03 2,981 2.6+1.8 120 0.18+0.07
2002 3,005 2.1+1.6 169 0.24%0.09 3,620 3.1+2.3 185 0.17+0.07
2003 4,480 2.5+15 359 0.18%0.10 6,821 2.5+15 186 0.14+0.06

2004 4,031 2.2+14 150 0.18+0.10 10,373 2.6+1.7 422 0.17+0.06
2005 7,739 2.1+1.2 218 0.20+0.08 15,995 2.4+1.6 353 0.18+0.07

2006 1,138 3.4+18 46 0.22+0.12 2,648 2.7¢19 52 0.20%0.10
2007 7,223 1.7+1.0 128 0.21+0.08 7,318 2.9+1.9 425 0.19+0.07
2008 5,570 3.2+2.3 770 0.17+0.10 3,272 29+2.1 168 0.15+0.08
2009 3,348 2.2+1.0 121  0.09+0.03 4,478 2.5+1.6 265 0.10+0.07
2010 1,754 2.3+1.6 184 0.11+0.07 8,080 2.4+1.7 759  0.09+0.07
2011 1,544 2.1+16 139 0.15+0.09 2,454 2.5+1.7 149 0.13+0.08
2012 3,772 1.9+1.1 133 0.12+0.05 4,973 2.9+1.9 512 0.14+0.07
2013 2,092 2.0+1.1 149 0.12+0.10 5,534 2.7£1.9 436 0.11+0.06
2014 1,253 2.4+16 96 0.23+0.10 2,669 25+1.8 165 0.12+0.07
2015 1,354 1.7+0.7 27 0.09+0.04 4,618 2.6+1.8 291 0.11+0.06
2016 2,217 1.7+0.8 102  0.09+0.05 3,614 2.3+1.6 225 0.09+0.05
Low 4.7+0.4 0.29+0.02 4.1+0.1 0.19+0.01
High 2.4+0.2 0.18+0.02 2.7+0.1 0.15+0.01

Does not include fish< 50-mm FL experimentally tagged with 8-mm tags.
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Attributes of Natural-Origin Juveniles Emigrating through Lower Granite
Reservoir

The estimate of passage abundance for the basin-wide population of natural-origin,
subyearling smolts at Lower Granite Dam in 2015 should be viewed with caution (i.e., it may be
an overestimate; Table 9) because the low flow levels and high spill percentages at Lower
Granite Dam in 2015 were not represented in the process of modeling collection probability at
the dam. As such, the estimates are extrapolations and are not considered to be reliable at this
time. Estimated passage abundance in 2016, when environmental conditions were in the range
used for modeling fitting, is given in (Table 9).

The Beverton-Holt model (AIC = 697.4) provided more information about the shape of
the relation between total escapement and estimated passage abundance of the basin-wide
population of subyearling smolts compared to the Ricker (AIC = 700.6) and linear (AIC = 703.1)
models (Figure 8).

Passage of PIT-tagged natural-origin subyearling smolts at Lower Granite Dam was the
second earliest on record for fish from both the Snake River upper and lower reaches (Table 10).
The median (= SE) date of passage of PIT-tagged, natural-origin subyearling smolts from the
Snake River upper reach was later during the low abundance period compared to the high
abundance period (Table 10; 8-d difference). The same pattern was observed for smolts that had
been PIT tagged as parr in the lower reach, but the difference was greater than was observed for
smolts from the upper reach (Table 10; a 13-d difference). In addition to the change in dispersal
timing of parr from riverine habitat observed between abundance periods (Table 7), changes in

downstream movement rate also contributed to the general shift in passage timing at Lower
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Granite Dam between abundance periods. Smolts that had been PIT-tagged as parr rearing along
the Snake River upper reach moved downstream slower on average during the low abundance
period compared to the high abundance period (Table 11; 1.5-km/d difference). A similar shift
in rate of downstream movement was observed for smolts that had been PIT tagged as parr in the
lower reach, but the difference was not as great as observed for smolts from the upper reach

(Table 11; a 0.6-km/d difference).
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TABLE 9. Estimated (N; 95% lower C.L.; 95% upper C.L.) passage abundance of natural-
origin, subyearling fall Chinook Salmon smolts from the basin-wide population at Lower Granite
Dam, 1992-2016. The means (= SE) of the annual estimates for the abundance periods (Low,
1992-1999; High, 2000-2016) are also given. The method is under development. Passage
abundance was not estimated from November of year t through the third week of March year t +
1 when the Smolt Monitoring Program was not in operation and juvenile fish bypass system was
dewatered.

Year NA 95% Lower C.L. 95% Upper C.L.
1992 13,672 12,236 21,002
1993 15,222 14,593 19,387
1994 15,895 15,165 22,403
1995 82,797 81,367 109,757
1996 36,752 35,725 48,805
1997 298,553 274,731 461,608
1998 130,765 124,893 192,413
1999 303,808 280,765 438,467
2000 585,424 471,100 1,172,425
2001 446,497 406,453 633,339
2002 255,237 216,226 405,064
2003 683,169 663,222 873,430
2004 1,177,956 1,118,431 1,514,057
2005 558,317 481,085 910,945
2006 268,364 257,713 394,865
2007 197,907 120,629 370,693
2008 429,650 398,996 644,548
2009 406,498 385,639 552,105
2010 849,839 809,427 1,235,190
2011 423,060 419,057 554,740
2012 584,172 559,331 825,038
2013 654,498 638,684 942,771
2014 486,115 448,715 709,970
2015 1,357,482 1,217,318 2,240,308
2016 530,458 248,436 2,662,701
Low 112,183 + 43,656

High 582,038 £ 74,422
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FIGURE 8. The relation between estimated annual total escapement (Table 1) and the

estimated annual passage abundance of natural-origin, subyearling smolts from the basin-wide
population at Lower Granite Dam (Table 9), 1992-2016. Passage abundance was not estimated
from November of year t through the third week of March year t + 1. The numbers are the last
two digits of the brood year (e.g., 15 = smolt abundance in 2016 produced by spawning in 2015).

The parameters (+ SE) for the Beverton-Holt and Ricker models (of similar fit) were: alpha =
1210.38+£119.23and beta = 0.00020+0.0002; and alpha = 70.21+£15.3869 and beta
0.000033+0.000007.
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TABLE 10. Median dates of passage at Lower Granite Dam for natural-origin, subyearling
smolts that were PIT tagged along the Snake River upper and lower reaches, 1992—-2016.
Estimated annual passage abundance (N*) of the PIT-tagged fish, and the means (x SE) of the
abundance period medians (Low, 1992-1999; High, 2000-2016) are also given.

Upper reach Lower reach
Year NA Median NA Median
1992 85 06/22
1993 483 07/22
1994 450 07/17
1995 401 07/18 490 08/02
1996 47 06/29 256 07/19
1997 55 06/20 192 07/16
1998 349 07/07 739 07/11
1999 712 06/26 556 07/27
2000 203 06/19 532 07/02
2001 20 07/12 374 07/07
2002 310 07/01 1,156 07/04
2003 642 06/24 1,694 06/27
2004 337 06/24 2,907 06/24
2005 1,059 06/20 2,938 06/24
2006 335 06/15 411 06/27
2007 238 06/18 1,243 06/27
2008 1,382 07/01 957 07/17
2009 405 06/22 1,023 07/03
2010 263 07/02 2,014 07/12
2011 402 06/17 589 07/12
2012 674 06/25 1,555 07/09
2013 179 07/01 903 07/04
2014 249 07/02 971 07/15
2015 83 05/28 2,473 06/23
2016 283° 06/12 1,994 06/16
Low 07/07 (4 d) 07/17 (4 d)
High 06/24 (2 d) 07/03 (2 d)

Does not include fish experimentally tagged with 8-mm tags.
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TABLE 11. Median, minimum, and maximum rates of downstream movement (km/d) for
natural-origin parr that were PIT tagged along the Snake River upper and lower reaches and
subsequently detected at Lower Granite Dam as subyearling smolts, 1992-2016. The means (+
SE) of the abundance period medians (Low, 1992-1999; High, 2000-2016) are also given.

Upper reach Lower reach

Year N  Median Min Max N Median Min Max
1992 39 3.3 1.1 18.8
1993 233 1.5 0.7 19.7
1994 194 1.5 0.4 13.8
1995 203 3.4 1.1 44.8 239 1.5 0.4 20.3
1996 19 3.7 2.1 43.8 126 1.5 0.4 19.3
1997 24 5.3 1.7 70.5 99 2.5 0.5 21.6
1998 173 3.4 1.6 20.1 380 2.0 0.4 28.3
1999 326 4.7 1.0 35.0 280 2.1 0.4 19.5
2000 72 5.3 2.6 19.9 257 1.9 0.4 13.6
2001 10 3.6 1.3 4.5 185 1.8 0.5 15.0
2002 95 4.6 2.5 25.0 395 2.3 0.8 19.3
2003 304 5.3 2.3 43.8 814 2.5 0.5 29.5
2004 186 5.0 2.9 21.9 1,597 2.6 0.7 21.3
2005 314 6.0 2.9 26.3 672 34 1.0 19.7
2006 96 8.0 3.5 58.3 103 3.0 0.6 45.0
2007 37 5.3 3.8 135 177 2.8 0.4 15.6
2008 359 5.3 1.2 87.5 211 2.1 0.5 57.0
2009 145 4.9 2.2 29.8 319 2.5 0.4 42.5
2010 72 6.7 2.8 61.7 475 2.9 0.3 58.0
2011 167 7.6 2.4 64.3 231 3.4 0.5 59.0
2012 163 5.0 2.2 59.7 303 2.6 0.3 425
2013 33 4.1 2.6 29.2 143 2.3 0.4 21.8
2014 61 5.4 2.1 46.3 198 2.2 0.5 27.3
2015 17 5.0 3.1 20.6 296 2.8 1.1 18.0
2016 452 8.1 2.7 25.6 379 2.6 1.1 425
Low 41+04 20+0.2

High 56+0.3 26+0.1

Does not include fish experimentally tagged with 8-mm tags.
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Seasonal Variation in Smallmouth Bass Diets and Consumption of Subyearling

Chinook Salmon during Rearing in Riverine Habitat

The consumption rate (C) of Chinook Salmon by Smallmouth Bass increased following
all four hatchery releases. Before the first release at Hells Canyon Dam, daily estimates of C
ranged from 0 to 0.052 fish/bass/d, but increased to 0.338 fish/bass/d by May 17 (the day after
the release) in our study section above Pittsburg Landing (Figure 9; actual). Pre-release
consumption below Pittsburg Landing ranged from 0.012-0.355 fish/bass/d. No sampling was
conducted on May 18 but we assume that C decreased to a pre-release level following a similar
pattern to the release on May 18 (Figure 9; hypothetical). Following the second release of
hatchery fish on May 18, C increased to 0.585 fish/bass/d above Pittsburg Landing and to 0.653
fish/bass/d below by May 19. On May 20, C decreased to near pre-release levels above Pittsburg
Landing and remained low on May 21 as well. However, below Pittsburg Landing, C increased
to a high of 1.604 fish/bass/d on the day of the release (May 20) at Pittsburg Landing.
Consumption rate decreased slightly to 1.322 fish/bass/d on May 21 before dropping below pre-

release levels on May 22.

We used the above information to estimate the loss of Chinook Salmon to Smallmouth
Bass in the upper portion of our study area. We conclude that hatchery releases from Hells
Canyon Dam produce a sharp, 1-d increase in Smallmouth Bass consumption while releases
from Pittsburg Landing produce a 2-d increase in consumption. We assume that consumption
rates in the reach below Pittsburg Landing followed a similar temporal pattern as in the reach
upstream resulting in returns to pre-release levels on May 18 following the dam release on May
16 (Figure 9; hypothetical). Using this assumption, we estimate 110,177 subyearlings were

consumed during 2016 in the upper portion of our Hells Canyon study area of which ~98,000
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were hatchery origin based on sizes of natural and hatchery origin subyearlings consumed
(Figure 10). We estimate that 38,669 hatchery subyearlings released at Hells Canyon Dam were
consumed by Smallmouth Bass both above and below Pittsburg Landing. This equates to a
consumption of 1,039 subyearlings/rkm in our study area and 3.65% of the total release. By
individual release, we estimate 13,684 (368 subyearlings/rkm) subyearlings were consumed
during the May 16 release and 24,986 (672 subyearlings/rkm) subyearlings were consumed
during the May 18 release. For the Pittsburg release, we estimate 59,123 (14.85% of the release)

subyearlings were consumed, which equates to 3,398 subyearlings/rkm.

Smallmouth Bass consumption rate was much lower during the June release of
subyearlings from the Captain John acclimation facility. Consumption increased from a pre-
release rate of 0.030 fish/bass/d on June 10 to a peak of 0.183 fish/bass/d on June 11and declined
gradually thereafter to pre-release levels of 0.022 fish/bass/d by June 15 (Figure 11). We
estimate 13,728 Chinook Salmon were consumed by Smallmouth Bass between Captain John
and the head of Lower Granite Reservoir. Assuming bass mainly consumed hatchery fish
following the release from the Captain John, we estimate 12,405 hatchery subyearlings (0.06%

of the release) were lost to predation in our lower study area.
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FIGURE 9. Actual (top panel) and hypothetical (bottom panel) daily consumption rate
(fish/bass/day) of subyearling Chinook Salmon by Smallmouth Bass above and below Pittsburg
Landing in the upper portion of the Snake River. Vertical bars represent dates of hatchery
releases of subyearlings at Hells Canyon Dam and Pittsburg Landing. Hypothetical consumption
is that which we expected if we had sampled every day following hatchery releases.
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FIGURE 11. Smallmouth bass consumption rate (fish/bass/day) of subyearling Chinook
Salmon following a hatchery release at Captain John acclimation facility in the lower portion of
the Snake River, 2016.
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Discussion/Conclusion

Attributes of Spawning in Riverine Habitat

The functional growth relations that we modeled, between total escapement and the
number of shallow and deep sites used, were the first of several lines of evidence for density
dependence in this report. The functional growth relation between total escapement and the
numbers of shallow and deep redds counted provided growing but relatively weak evidence for
density dependence as clear maximums were not attained. Together, the four curve fitting
exercises for attributes of spawning showed that most of the suitable spawning habitat has been
used by spawners, but the habitat has not reached redd capacity. In support of that conclusion,
the maximum redd count observed in the Snake River reaches combined was 3,155 or 1,287
below the estimated redd capacity of 4,442 for the river (Groves et al. 2013). We are questioning
the accuracy of our redd counts in recent years, however, because the large numbers of redds are
difficult to count from the air especially when redds are superimposed. Superimposition occurs
when a new redd is constructed on top of one or more previously constructed redds. In addition
to being a source of counting error, that process can dislodge eggs in the previously constructed
redds and be the underlying mechanism leading to the Beverton-Holt and Ricker-type
recruitment we reported earlier.

In cooperation with staff of the ldaho Power Company who pioneered the use of
Unmanned Aerial Systems (SUAS) for counting redds, we worked with statisticians from the
University of Idaho to design and implement a study to improve monitoring of superimposition
and accuracy of our redd counts. That effort came to fruition in 2015. For the present,
superimposition is likely common in the Snake River reaches at the spawner escapement levels

observed in recent years. In 2014, video taken from a SUAS was used to determine that some
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superimposition occurred at 43% of the sites used along the Snake River reaches, and that heavy
superimposition occurred at 28% of the sites used (P. Groves, Idaho Power Company,
unpublished data). Continued collection of redd count data will aid in monitoring and managing

the recovery of the Snake River fall Chinook Salmon ESU.

Attributes of Natural-Origin Juveniles Rearing in Riverine Habitat and

Emigrating through Lower Granite Reservoir

We found that recruitment of natural-origin fall Chinook Salmon subyearlings assessed
based on CPUE declined at high total escapements (i.e., overcompensation or Ricker-
recruitment). The three most plausible causes of that decline are redd superimposition, egg
predation, and juvenile predation. As mentioned, superimposition has only been assessed in
2014. Additional analyses of video footage collected by UAS in earlier years as wells 2015
would be informative. White Sturgeon Acipenser transmontanus have been observed along the
Snake River reaches hovering over redds in both underwater and SUAS video footage (P.
Groves, Idaho Power Company, unpublished data). That footage provides circumstantial
evidence for egg predation. Ongoing research by staff of project 199102900 (described later in
this report) has also provided evidence that predation on natural-origin fall Chinook Salmon
subyearlings by Smallmouth Bass has increased as total escapement of fall Chinook Salmon
spawners has increased. Evidence for density dependent mechanisms, however, is not solely
limited to the spawning life stage or predator/prey interactions.

Intra-specific density-dependent mechanisms during rearing in riverine habitat are also

evident in this report. Growth rates of natural-origin parr in riverine rearing habitat declined

46



slightly as parr abundance increased. Timing of downstream dispersal into the reservoir was also
earlier and dispersal size decreased between abundance periods.

Our results on natural-origin subyearling smolts in Lower Granite Reservoir provided
ample evidence for density dependence noting that we are questioning our 2015 estimate of
annual passage abundance of natural-origin subyearling smolts. In addition to finding evidence
for Beverton-Holt and Ricker-type recruitment, smolt growth declined between abundance
periods in association with density-dependent changes in size at dispersal from riverine habitat,
migrational behavior in the reservoir, and increased concentrations of subyearling smolts in the
reservoir as the hatchery program expanded (Connor et al. 2013). In turn, time of passage
through the reservoir of natural-origin smolts became earlier and smolt size decreased. During
the low abundance period, natural-origin smolts also remained in the reservoir later into the
summer, which allowed them to experience warmer temperatures and grow to larger sizes.
However, during the high abundance period, natural-origin smolts spent more time migrating and
less time lingering and feeding resulting in passage through the reservoir before they could

benefit from warmer water temperatures that favored growth.

Attributes of Seasonal Variation in Smallmouth Bass Diets and Consumption of

Subyearling Chinook Salmon during Rearing in Riverine Habitat

Not unexpectedly, Smallmouth Bass responded to releases of hatchery juvenile Chinook
Salmon by preying heavily on them which was reflected in their consumption rates. Responses
were much more pronounced in the upper portion of our study area where consumption increased
to 1.60 subyearlings/bass/day. Nelle (1999) also found a similar predation response in the late

1990s when he evaluated Smallmouth Bass consumption following a release of hatchery
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subyearlings at Pittsburg Landing. He estimated a consumption rate of 1.143
subyearlings/bass/day for 150-249-mm bass following a release during July of 1997. Our
estimates of consumption in upper Hells Canyon were probably conservative as angled bass
often regurgitated numerous juvenile salmon as they were being reeled in and we could not
account for this loss.

The predation response by Smallmouth Bass to a release of hatchery subyearlings is
relatively short in Hells Canyon. We found that consumption rates typically returned to pre-
release levels within a day or two, which may be due to the relatively short residence time of
subyearlings in the river. Following release, hatchery fish tend to disperse downstream rapidly
in the unimpounded Snake River in Hells Canyon (USFWS, unpublished), which probably
shortens their exposure to predators. Thus, predation risk and loss is very high for a short time,
but then quickly drops. However, natural-origin subyearlings rearing along shorelines would be
exposed to predation for a longer time. Sampling logistics prevented us from sampling every
day following each release which is why we speculated on the predation response on days
following some hatchery releases (Figure 9). The best support for the assumption we made is
shown by the response to the hatchery fish released at Hells Canyon Dam on May 18. Those fish
would have travelled downstream to reach our study area by May 19 during with predation was
likely high. On May 20, we observed low consumption rates suggesting that most hatchery fish
had moved downstream. At a minimum, most consumption rates return to pre-release levels
within 2 d of a hatchery release, but using a return to pre-release levels after 1 d results in more
conservative loss estimates. Sampling at 1-d intervals in the future should help refine the pattern

in consumption rate.
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The pattern in Smallmouth Bass consumption rates was different in the lower portion of
Hells Canyon. Below Captain John, bass consumption rates increased rapidly following the
release of hatchery fish but never approached the rates observed in the upper canyon.
Consumption rates also took longer to return to pre-release levels. There may be a number of
reasons for these observations. First, other prey such as Sand Rollers Percopsis transmontana,
which are absent in the upper canyon, may have reduced bass consumption of subyearlings.
Second, there are fewer bass in the river below Captain John than in the upper canyon and this
may have resulted in lower overall consumption rates. Finally, lingering hatchery fish from
upstream releases that moved through the lower river may have contributed to the longer
duration of elevated bass consumption rates.

Our consumption and loss estimates were probably influenced by spatial factors. The
much higher consumption and loss estimates from the Pittsburg Landing release was most likely
influenced by the study area being located immediately downstream of the release site. In
contrast, the study reach above Pittsburg Landing was located 33.2 km downstream of Hells
Canyon Dam. This spatial difference allowed fish to disperse more as they moved downstream
from the dam which likely resulted in lower densities compared to fish released at Pittsburg
Landing. We hypothesize that bass consumption rates decrease with increasing distance from
release locations as the pulse of released subyearlings spreads out and as their numbers decrease
from mortality. We also hypothesize that as migration slows further downriver that bass
consumption rates remain elevated longer as shown by our results from the lower river. Since
bass densities are similar between our two upper study reaches, and daily release numbers were

likely similar, then there is some evidence to support our first hypothesis.
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Qualitative examination of length frequency distributions suggest that most of the
salmonids consumed in the upper portion of our study area 1-2 days after the release were
hatchery subyearlings. This is reasonable since hatchery fish are probably more naive of
predators than natural-origin fish. We were unable to determine origin of consumed
subyearlings from the June release in the lower river due to the fact that hatchery fish were
already in the system before the release. However, we suspect that bass consumed mainly

hatchery subyearlings following the release at Captain John.

Adaptive Management & Lessons Learned

Multistage life cycle models provide a powerful framework for understating how each
life stage of a population contributes to population growth rate (Moussalli and Hilborn 1986;
Brooks and Powers 2007). When used for simulation, multistage models allow the relative
effects of density dependence at different life stages to be explored in the context of management
actions including Fish Population RM&E, Hydrosystem RM&E, Harvest RM&E, Hatchery
RM&E, Predation and Invasive Species Management RM&E. For example, by using a
multistage model, Greene and Beechie (2004) found that the importance of habitat restoration to
population recovery of Chinook Salmon depended on the mechanisms of density dependence
affecting particular life stages.

Multistage models may also be used as an analytical framework to explicitly estimate
demographic parameters of a population model. This approach has an advantage over single-
stage stock-recruitment models by allowing population growth rates to be partitioned among life
stages rather than aggregated over an entire life cycle. Such partitioning allows for estimating 1)

stage-specific estimates of density dependence, and 2) stage specific effects of environmental
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factors or management actions. Zabel et al. (2005) estimated parameters of a multistage model
used in the context of a population viability analysis spring/summer Chinook Salmon in the
Snake River, but such an approach has yet to be applied to fall Chinook Salmon in the Snake
River basin.

Typically, data informing estimates of abundance at particular “check points” in the life
cycle dictates the complexity of multistage models that can be fit to data. For fall Chinook
Salmon, we will start with a two-stage model that encompasses: 1) upstream passage of
spawners at Lower Granite Dam to the subsequent the downstream passage of their progeny at
the Dam, and 2) downstream passage of juveniles at Lower Granite Dam to their subsequent
return from the ocean and passage at the Dam 3-S5 years later. This approach partitions the life
cycle of fall Chinook Salmon both spatially and temporally, which will allow us to fit and
compare alternative models with covariates specific to each stage. We are building such a model
while participating in the AMIP process where ideas on model development are shared among
the members. Information is also presented at AFS meetings and regional forums to disseminate

it and receive useful feedback from peers.

References

Beamesderfer, R. C. P., D. L. Ward, and A. A. Nigro. 1996. Evaluation of the biological basis
for a predator control program on Northern Squawfish (Ptychocheilus oregonensis) in the
Columbia and Snake rivers. Canadian Journal of Fisheries and Aquatic Sciences
53:2898-2908.

Brooks, E. N. and J. E. Powers. 2007. Generalized compensation in stock-recruit functions:
properties and implications for management. ICES Journal of Marine Science 64: 413-
424,

51



CBR (Columbia Basin Research). 2015. Columbia River DART (data access in real time).
CBR, University of Washington, Seattle. Available:
www.cbr.washington.edu/dart/dart.html. (June 2012).

Connor, W.P., H.L. Burge, R. Waitt, and T.C. Bjornn. 2002. Juvenile life history of wild fall
Chinook Salmon in the Snake and Clearwater rivers. North American Journal of
Fisheries 22:703-712.

Connor, W. P., H. L. Burge, J. R. Yearsley, and T. C. Bjornn. 2003b. The influence of flow and
temperature on survival of wild subyearling fall Chinook Salmon in the Snake River.
North American Journal of Fisheries Management 23:362-375.

Connor, W. P., S. G. Smith, T. Andersen, S. M. Bradbury, D. C. Burum, E. E. Hockersmith, M.
L. Schuck, G. W. Mendel, and R. M. Bugert. 2004. Post-release performance of
hatchery yearling and subyearling fall Chinook Salmon released into the Snake River.
North American Journal of Fisheries Management 24:545-560.

Connor, W. P., K. F. Tiffan, J., J. M. Plumb, and C. M. Moffitt. 2013. Evidence for density —
dependent changes in growth, downstream movement, and size of Chinook Salmon
subyearlings in a large river landscape. Transactions of the American Fisheries Society
142:1453-1468.

Connor, W. P., F. L. Mulllins, K. F. Tiffan, R. W. Perry, J. M. Erhardt, S. J. St. John, B. K.
Bickford, and T. N. Rhodes. 2015. Research, Monitoring, and Evaluation of Emerging
Issues and Measures to Recover the Snake River Fall Chinook Salmon ESU. 2014
Annual Report to the Bonneville Power Administration, Project 199102900, Portland,
Oregon.

Fritts, A.L., and T.N. Pearsons. 2004. Smallmouth Bass predation on hatchery and wild
Salmonids in the Yakima River, Washington. Transactions of American Fisheries
Society 133:880-895.

Greene, C. M. and T. J. Beechie. 2004. Consequences of potential density-dependent
mechanisms on recovery of ocean-type Chinook Salmon (Oncorhynchus tshawytscha).
Canadian Journal of Fisheries and Aquatic Sciences 61: 590-602.

Groves, P.A., J.A. Chandler, B. Alcorn, T.J. Richter, W.P. Connor, A.P. Garcia, and S.M.

Bradbury. 2013. Evaluating Salmon spawning habitat capacity using redd survey data.
North American Journal of Fisheries Management 33:707-716.

52



Groves, P. A, and J. A. Chandler. 1999. Spawning habitats used by fall Chinook Salmon in the
Snake River. North American Journal of Fisheries Management 19:912-922.

Groves, P. A, B. Alcorn, B., M. M. Wiest, J. M., Maselko, and W. P. Connor. 2016. Testing
unmanned aircraft systems (UASs) for salmon spawning surveys. FACETS. DOI:
10.1139/facets-2016-0019. http://www.facetsjournal.com/article/facets-2016-0019/.
(Available November 2016).

Hansel, H.C., S.D. Duke, P.T. Lofy, and G.A. Gray. 1988. Use of diagnostic bones to identify
and estimate original lengths of ingested prey fishes. Transactions of American Fisheries
Society 117:55-62.

ISAB (Independent Scientific Advisory Board). 2015. Density dependence and its
implications for fish management and restoration programs in the Columbia River basin.
ISAB 2015-1. Available: http://www.nwcouncil.org/media/7148891/isab2015-1.pdf
(March 2015).

Moussalli, E. and R. Hilborn. 1986. Optimal stock size and harvest rate in multistage life history
models. Canadian Journal of Fisheries and Aquatic Sciences 43: 135-141.

Naughton, G.P., D.H. Bennett, and K.B. Newman. 2004. Predation on juvenile Salmonids by
Smallmouth Bass in the Lower Granite Reservoir system, Snake River. North American
Journal of Fisheries Management 24:534-544.

Nelle, R.D. 1999. Smallmouth Bass predation on juvenile fall Chinook Salmon in the Hells
Canyon Reach of the Snake River, Idaho. Master’s Thesis, University of Idaho, Moscow.

Parrish, J.K., K. Haapa-aho, W. Walker, M. Stratton, J. Walsh, and H. Ziel. 2006. Small-bodied
and juvenile fishes of the Mid-Columbia Region including keys to diagnostic otoliths and
cranial bones. Draft Version, March 2006. University of Washington, Seattle WA. 137 p.

Peters, C. N., D. R. Marmorek, and R. B. Deriso. 2001. Application of decision analysis to
evaluate recovery actions for threatened Snake River fall Chinook Salmon
(Oncorhynchus tshawytscha). Canadian Journal of Fisheries and Aquatic Science
58:2447-2458.

Prentice, E. F., T. A. Flagg, and C. S. McCutcheon. 1990a. Feasibility of using implantable

passive integrated transponder (PIT) tags in Salmonids. American Fisheries Society
Symposium 7:317-322.

53



Rainey, S.R., L.A. Reese, and T.O. Wik. 2006. Removable spillway weir for fish passage,
power, and water quality benefits. Hydro Review 25:118-124.

Rogers, J.B., and C.C. Burley . 1991. A sigmoid model to predict gastric evacuation rates of
Smallmouth Bass (Micropterus dolomieu) fed juvenile Salmon. Canadian Journal of
Fisheries and Aquatic Sciences 48:933-937.

Rieman, B.E., R.C. Beamsderfer, S. Vigg, and T.P. Poe. 1991. Estimated loss of juvenile
Salmonids to predation by Northern Squawfish, Walleyes, and Smallmouth Bass in John
Day Reservoir, Columbia River. Transactions of the American Fisheries Society
120:448-458.

Shields, P. A. and S. R. Carlson. 1996. Effects of formalin and alcohol preservation on lengths
and weights of juvenile sockeye salmon. Alaska Fishery Research Bulletin 3:81-93.

Tabor, R.A., R.S. Shively, and T.P. Poe. 1993. Predation on juvenile Salmonids by Smallmouth
Bass and Northern Squawfish in the Columbia River near Richland, Washington. North
American Journal of Fisheries Management 13:831-838.

Tiffan, K. F., and W. P. Connor. 2011. Distinguishing between natural and hatchery Snake
River fall Chinook Salmon subyearlings in the field using body morphology.
Transactions of the American Fisheries Society 140:21-30.

Vigg, S., T.P. Poe, L.A. Prendergast, and H.C. Hansel. 1991. Rates of consumption of juvenile
Salmonids and alternate prey fish by Northern Squawfish, Walleyes, Smallmouth Bass,
and Channel Catfish in John Day Reservoir, Columbia River. Transactions of the
American Fisheries Society 120:421-438.

Ward, D. L., J. H. Petersen, and J. J. Loch. 1995. Index of predation on juvenile salmonids by
northern squawfish in the lower and middle Columbia River and in the lower Snake
River. Transactions of the American Fisheries Society 124:321-334.

Zabel, R. W., M. D. Scheuerell, M. M. McClure, and J. G. Williams. 2006. The interplay
between climate variability and density dependence in the population viability of
Chinook Salmon. Conservation Biology 20:190-200.Fisheries Review 39:10-14.

Zimmerman, M.P. 1999. Food habits of Smallmouth Bass, Walleyes, and Northern
Pikeminnow in the lower Columbia River Basin during outmigration of juvenile
anadromous Salmonids. Transactions of the American Fisheries Society 128:1036-1054.

54



Appendices

A.1: Data Links

Redd count data: Available:http://www.fpc.org/
Seining data : Available: http://www.streamnet.org/
PIT-tag data: Available:http://www.ptagis.org/

Other data is backed up on site and remotely. Inquires can be sent to william_connor@fws.gov
or ktiffan@usgs.gov.
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A.3: Additional Research

Detectability of 8-mm, 9-mm, and 12-mm PIT Tags implanted in juvenile Chinook Salmnon at
Lower Granite Dam

Tobyn N. Rhodes and Kenneth F. Tiffan
U.S. Geological Survey
Western Fisheries Research Center
5501A Cook-Underwood Rd.
Cook, Washington 98605

Introduction

The ability to represent a population of migratory juvenile fish with Passive Integrated
Transponder (PIT) tags becomes difficult when the minimum tagging size is larger than the
average size at which fish begin to move downstream. The current minimum recommended size
for tagging juvenile salmonids with 12-mm PIT tags in the Columbia River basin is >65 mm FL.
From 1992 t01999, the mean FL of subyearling Chinook Salmon from the Snake River upstream
of Lower Granite Dam was 65 mm + 1 mm (95% CI) at initial downstream dispersal, but
subsequently decreased to 55 £ 1 mm from 2000 to 2011 during the same dispersal period
(Connor et al. 2013). Tags that are smaller (e.g., 8 and 9 mm) than the commonly used 12-mm
PIT tag are now currently available. Tiffan et al. (2015) found that 40-49-mm subyearling
Chinook salmon could be implanted with 8-mm and 9-mm tags without largely affecting growth
and survival in the laboratory, and recommended experimental use of the smaller tags for
subyearlings in the field. The use of smaller PIT tags (i.e., 8 and 9 mm) would allow researchers
to more fully represent the juvenile Snake River fall Chinook Salmon population that undergoes
size-related dispersal, as well as reducing tag burden-related effects (Tiffan et al. 2015).

Many PIT-tagged juvenile salmonids in the Snake and Columbia river basins are detected
at mainstem dams to provide various population, behavioral, and survival metrics. The
detectability of 8-mm tags at mainstem dams has not been evaluated in juvenile salmonids, so it
is unknown whether reliable detection information can be obtained from fish implanted with
these tags. In 2016, we conducted a simple test of detectability of 8-mm, 9-mm, and 12-mm PIT
tags at Lower Granite Dam. The objective of the test was to determine the detection efficiency
of the different tags implanted in subyearling fall Chinook salmon and released within the fish
bypass system.
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Methods

We evaluated the detectability of four different PIT tags: 8-mm, Biomark; 8-mm, Oregon
RFID; 9-mm, Biomark; and 12-mm, Biomark (Table 1). On June 7, Smolt Monitoring Program
personnel at Lower Granite Dam collected approximately 300 untagged subyearling Chinook
salmon and held them in four 50-gallon containers supplied with river water. The next day, we
tagged fish systematically by implanting the first fish with an 8-mm Biomark tag, the second fish
received an 8-mm Oregon RFID tag, the third fish received a 9-mm tag, and the fourth fish
received a 12-mm tag. This cycle was then repeated until 75 fish were tagged with each tag type.
PIT tagging and anesthetization followed the recommendations of Prentice et al. (1990a, 1990b)
and the PIT-tag Steering Committee (PTSC 2014) with some exceptions stated below.

Tagging proceeded by first anesthetizing fish in 18.9 L of oxygenated water that
contained 5 mL of MS-222 in solution at a concentration of 100 mg/L, 0.5 g NaHCOj; as a buffer,
and 2.5 mL of Polyaqua as a replacement “slime” mucoprotein coating (Connor et al. 1998). A
fish was then randomly selected and weighed to the nearest 0.1 g, measured (FL) to the nearest
mm, and tagged using an injector. Our tagging apparatus was a 10-cc syringe body affixed with
12-gauge needle for use with 9- and 12-mm tags or a 14-gauge needle for use with 8-mm tags.
Each syringe body had a slot cut into the side that was approximately 10 x 3 mm that allowed a
thumb screw to be inserted into a plastic cylinder contained within the syringe that had an
attached push rod that extended into the barrel of the needle. PIT tags were inserted into the
beveled end of the needle and then inserted into the fish by moving the thumb screw toward the
end of the needle. Sedated fish were placed head first and dorsal surface down into the corner of
a wet, notched sponge leaving only a slight portion of the ventral and posterior portion of the
body exposed. The syringe was then held parallel to the fish and a slight downward pressure was
applied to the needle to make a small incision (large enough only to accommodate the insertion
of the needle bevel) off the ventral midline. The tag was then inserted into the fish’s peritoneal
cavity while the hands and forearms of the tagging person were braced for stability (Tiffan et al.
2015). All tagging information, including the presence of coded-wire tags and additional marks,
were recorded using P3 software and uploaded to the PIT Tag Information System (PTAGIS
2016).

After tagging, fish were allowed to recover for 15 min in 18.9 L of oxygenated water
with 2.5 mL of Polyaqua solution and then transferred to one of four 75-gallon replicate circular
tanks supplied with river water. Each tank contained equal numbers of fish tagged with each tag
size and type. Tagged fish were held for an additional 20-24 h to check for shed tags and
mortalities. On the day of release, groups of 20 fish were transferred to aerated 5-gallon buckets
and released into the upwell area of the bypass system upstream of the wet separator. Ten fish
were released every 5 min to minimize the chance of tag detection “collisions” and to maximize
individual detections. This resulted in approximately 30 releases of 10 fish each over two and
half hours. The release location exposed fish to detection by up to six PIT tag antennas located
throughout the bypass system depending on the route they took (Figure 1). The first route would

62



be across the separator to the adult return where fish could be detected by two antennas (F1 and
F2; Figure 1). A second route would be through the separator gate antennas (either Al and A2
or B1 and B2) and through three additional antennas (51, 52, and 53) to the sample tank. Fish
taking this route could be detected by a maximum of five antennas. The final route would be
through the separator gate antennas (either A1 and A2 or B1 and B2) and then through four
additional antennas (C1, C2, 91, and 92) enroute to exiting to the river (Figure 1). Fish taking
this route could be detected by a maximum of six antennas.

Table 1. Specifications of PIT tags implanted in subyearling fall Chinook Salmon at Lower
Granite Dam in 2016.

Tag size Weight  Length  Diameter
(mm) Model Manufacturer (mg) (mm) (mm)
8 684293-003 Oregon RFID, Portland, OR 30 8.24 1.40
8 MiniHPT8 Biomark, Boise, ID 30 8.43 1.40
9 TXP148511B Biomark, Boise, ID 66 8.91 2.10
12 TXP1411SST Digital Angel, South St. Paul, MN 104 12.37 2.02
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Figure 1. Map of PIT-tag interrogation system at Lower Granite Dam. Fish were released
upstream of the upwell (the blue circle).
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Results

We PIT tagged 304 fish, of which nine fish died after 24 h. No tags were expelled during
the 24-h post-tagging holding period. Tagged fish lengths ranged from 57 to 128 mm and
weights ranged from 1.4 to 22.4 g (Table 2). We released 295 fish into the bypass system for
subsequent detection which comprised 74 fish tagged with 8-mm Biomark tags, 72 fish tagged
with 8-mm Oregon RFID tags, 75 fish tagged with 9-mm Biomark tags, and 74 fish tagged with
12-mm Biomark tags. Detection rate of all tag sizes combined was 99.7%. Only one tagged fish
was not detected, and it was tagged with an 8-mm Biomark tag.

From 98.6 to 100% (depending on tag type) of tagged fish were detected on at least two
antennas (Table 3). The fish detected on only two antennas comprised five individuals that
passed into the adult return, thus bypassing further detection opportunities. Four fish were
detected passing into the sample tank; two of which were detected on four antennas and two of
which were detected on all five antennas. Between 76.4 and 98.7% of the remaining 285 fish
were detected on three, or more, of the possible six antennas (Table 3; Figure 1). In general, the
8-mm Oregon RFID tags were detected at slightly lower rates than the Biomark tags (Table 3).

Discussion

Total detection rate of combined tag groups was high (99.7%) with only one tag (an 8-
mm Biomark tag) not being detected in this efficiency test. In addition, relatively high
percentages (>76) of tagged fish were detected on all six PIT tag antennas. Even the few fish
that passed through the adult return were detected on both antennas located there. These results
are encouraging because they suggest that subyearlings implanted with 8-mm PIT tags should
have detection efficiencies at Lower Granite Dam that are comparable to 9-mm and 12-mm tags.
This also means that field use of 8-mm PIT tags should be practical when subsequent detection at
Lower Granite Dam is of interest.

The mortality rate of post-tagged fish was relatively high at 3% (9 of 304 fish) and was
likely due to stress related from collection, longer holding periods, tagger experience, and
relatively high water temperatures (~17°C). All fish that died were >84 mm and 5 g. Tagging-
related mortality was not too concerning for this study because we were primarily interested in
using surviving fish as “vehicles” to carry tags through the bypass system. Mortality of much
smaller fish tagged in the field would be of greater concern but has not been evaluated.
However, 8-mm PIT tags may have advantages over larger tags. During field tagging in 2016,
field personnel noted that the size of the incision associated with 14-gauge needles used to
implant 8-mm tags was smaller than that made by 12-gauge needles used to implant 9-mm and
12-mm tags. Furthermore, we observed that fish recaptured in the field that were tagged with 8-
mm tags (using 14-gauge needles) had healed more quickly than fish tagged with larger tags and
needles. This might facilitate tag retention, reduce recovery time, and possibly reduce tagging
mortality in the field.

65



Table 2. Mean£SD lengths and weights of subyearling fall Chinook salmon tagged at Lower
Granite Dam to evaluate detection efficiency of different PIT tags.

Tag size (mm) FL FL range
and brand (mm) (mm) WT (g) WT (g) range
8 Biomark 105+7.6 80-128 9.847.4 5.2-19.0

8 Oregon RFID 103+11.3 57-126 10.849.3 1.4-18.2
9 Biomark 104+8.7 79-122 10.8+2.5 4.4-16.1
12 Biomark 104+9.5 62-127 11.2+10.3 1.8-22.4

Table 3. Percent of PIT-tag groups detected on unique antennas in the bypass system at Lower
Granite Dam.

Tag size (mm
g (mm) >2 antennas >3 antennas >4 antennas >5 antennas 6 antennas

and brand

8 Biomark 98.6 98.6 98.6 97.3 86.5
8 Oregon RFID 100.0 97.2 95.8 90.3 76.4

9 Biomark 100.0 98.7 98.7 92.0 77.3

12 Biomark 100.0 98.6 98.6 97.3 95.9
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